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BACKGROUND TO HSE INVESTIGATION 


1 In November 1983, Yorkshire Television broadcast a programme: “Windscale - The 
Nuclear Laundry”. It suggested that in the village of Seascale, 3 km south of 
Sellafield, there was an excess of childhood leukaemia, and implied that this was due 


to the radioactive discharges from the plant. 


2 Following the screening of the programme, the Minister of Health commissioned an 
independent advisory group chaired by Sir Douglas Black to investigate the claim. 
The Group published its findings’ in 1984. These included a review of earlier work 
which indicated that there was an excess of leukaemia in children in Seascale, but that 
for West Cumbria as a whole, the mortality from childhood cancer was near the 
national average. It concluded, inter alia, that the calculated radiation doses to young 
people in Seascale did not support the view that the radioactivity released from 
Sellafield* was responsible for the observed incidence of leukaemia in Seascale and its 


neighbourhood. 


3 The Group recommended that epidemiological studies and research should be carried 
out on the subject, and that a specialist body with significant health representation 
should be set up to advise on the control of permitted radioactive discharges. This led 
to the setting up by the Minister for Health of the Committee on Medical Aspects of 
Radiation in the Environment (COMARE) in November 1985. Its terms of reference 
were “to assess and advise government on the health effects of natural and man-made 
radiation in the environment and to assess the adequacy of the available data and the 


need for further research”. 


4 Professor Gardner, of the Medical Research Council Environmental Epidemiology 
Unit, was a member of Sir Douglas Black’s Advisory Group, later becoming a 
member of COMARE: he was one of a number of people who followed up the Group’s 
recommendation for further research. Professor Gardner set up a number of 
investigations including an epidemiological case-control study to examine the observed 
excess of childhood leukaemia and lymphoma near Sellafield in relation to certain 
behavioural or lifestyle variables (including those that might affect individual uptake of 
environmental radioactivity), and to radiation received during fathers’ employment at 


the Sellafield nuclear plant. 


5 Using a variety of sources, the study identified 52 cases of leukaemia and 22 cases of 


non-Hodgkin’s lymphoma (NHL) in children who had been born and diagnosed of 


These discharges were later reassessed in a report’ issued by COMARE 








their illness in West Cumbria. Through the use of questionnaires and other methods, 
comparing the cases with other children as controls, the Gardner team examined the 
relative risks associated with various factors including paternal preconception 
radiation dose, maternal abdominal X-rays in pregnancy, paternal and maternal ages, 
maternal viral infection during pregnancy, family eating and children’s play habits, 
paternal occupation and proximity of residence to Sellafield. The results of the study’ 
were published on 15 February 1990. None of these potential explanatory factors 
showed any significant association with childhood leukaemia except fathers’ pre- 


conception radiation dose. 
Professor Gardner concluded that: 


“The raised incidence of leukaemia, particularly, and non-Hodgkin’s lymphoma 
among children near Sellafield was associated with paternal employment and 
recorded external dose of whole body penetrating radiation during work at the 
plant before conception. The association can explain statistically the observed 


geographical excess.” 


The highest relative risks* recorded were of the order of sixfold for fathers with total 
radiation doses of 100 mSv or greater before the date of their child’s conception, or 


doses of 10 mSv or greater during the six months before conception. 


The publication of this report caused considerable public and political interest. 
Discussions were held between the Department of Health and the Health and Safety 
Executive (HSE) to determine what action should be taken. It was clear that the 
Gardner findings suggested a possible occupational cause which was a matter that 
HSE should pursue, and it was agreed that HSE would carry out an investigation into 
occupational factors arising at Sellafield which might shed further light on these 
findings. The Health Minister announced the start of this investigation on 15 


February 1990%. 


A group was formed for this purpose with staff drawn from HSE’s Nuclear 
Installations Inspectorate (NII) and the Epidemiology Unit of its Health Policy 


Division (which now forms part of the Technology and Health Sciences Division, 
THSD). 


The term "relative risk" in this report means the ratio of the probabilities that a case will occur 
in one group compared to another. In case-control studies, the relative risk is estimated by the 


“odds ratio" (OR): this i6 the ratio of the odds that a case will occur in one group compared to 


another. 
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The purpose of this report is to present the objectives, methodologies and findings of 


the various studies which comprise this investigation. 


INTRODUCTION TO THE HSE STUDIES 


Aims and contribution of each study 
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Since the results of Professor Gardner’s report suggested that leukaemia and NHL in 
some children was related to paternal employment and in particular the fathers’ 
exposure to external radiation, HSE decided to focus its investigation on Sellafield and 
the occupational histories of fathers. The investigation was planned to examine the 
fathers’ exposure to external radiation* and a number of other employment factors 
not considered by Professor Gardner. These included exposure to internal radiation’, 
and to known or suspect carcinogenic and mutagenic chemicals. Additionally, fathers’ 
job histories, ie where they worked, what type of occupation, and their involvement in 
known radiation or other incidents, were examined. The objective was to see if any of 


these factors could explain or clarify the association reported by Professor Gardner. 


Because it was recognised that a full epidemiological study would take some years to 
complete, it was decided to split the investigation into 3 parts. The first part was to 
examine the occupational histories of those case fathers who had worked at 
Sellafield and who had been identified by Professor Gardner. This is referred to in 
this report as the case-only study. The intention was to see if any obvious common 
factors emerged which provided grounds for immediate action by HSE to protect 
further the health and safety of workers. The data used were the preconception 
external radiation dose} records, biological monitoring records, the occupational 
history records showing where each father worked and when, and records of 
radiological incidents. Potential exposure to selected chemicals was inferred from the 


above data. 


The second part, referred to as the radiation dose study, was aimed at comparing 
the radiation dose histories of each of the case fathers with those of all other male 
Sellafield radiation workers of the same age as the case fathers when the children 
were conceived, ie, if a case father were aged, say, 25 at the time of conception, his 


total radiation dose was compared with that of all other male workers up to the time 


The terms "external radiation" and "internal radiation" are defined in the Glossary. 
In this report the term "preconception external radiation dose" is generally abbreviated to 


"radiation dose", unless the context requires otherwise. 





13 


they were 25. Such a comparison would show whether the radiation doses of the case 
fathers were as unusual, in this extended comparison, as Professor Gardner’s results 


(based on some 90 matched control fathers) implied. 


The third and main part of the investigation was an epidemiological case-control 
study. It was based on children born in West Cumbria whose fathers worked at 
Sellafield. The cases were children whose fathers had worked at Sellafield at some 
time prior to the diagnosis of cancer in their children, the children being under 25 at 
the time of diagnosis. The controls were other children whose fathers had started 
work at Sellafield before the child’s 25th birthday. In this context “working at 
Sellafield” means that the person concerned was directly employed at Sellafield by the 
United Kingdom Atomic Energy Authority (AEA), British Nuclear Fuels (BNFL) or 
the United Kingdom Atomic Energy Authority Constabulary, and does not include 
contractors who worked on the site. The study was designed to investigate not only 
the effects of exposure to internal and external radiation but also occupational history, 


exposure to chemicals and involvement in radiological or other incidents. In this 


respect the HSE investigation is different from Professor Gardner’s study because it 


centres on Sellafield and the occupational histories of its workforce. At a late stage of 
the study, it was decided to see whether any of the available data supported Dr 
Kinlen’s theory on population mixing.** He has suggested that there may be an 
infective basis for childhood leukaemia which could be enhanced by unusual patterns 


of people coming to live and work in the area from other parts of the country. 


Development of investigation protocol 
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At a very early stage it was decided that HSE staff would not seek to interview any of 
the case or control fathers. Professor Gardner’s study had addressed the possible role 
of personal risk factors of a sort that could only be established by direct interview, but 
had found no important associations. The focus of interest in the HSE study would be 
on workplace exposures and particularly on radiation exposures for which 
documentary records should be available. BNFL and AEA held the detailed records 
relating to the occupational histories of the Sellafield workforce, and they readily 
agreed to provide access subject to the agreement of the workforce. It was also 
necessary to know the names of the case fathers identified by Professor Gardner, and, 
for the epidemiological case-control study, to trace all other cases of childhood cancers 
related to Sellafield fathers. It was therefore necessary to have access to information 
held by the Office of Population Censuses and Surveys (OPCS) and through it, by the 
National Health Service Central Register (NHSCR). 


Although the employérs, having consulted with the workforce, were prepared to 


provide data from their files, neither Professor Gardner nor OPCS could release the 
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information required until the proper clearances had been obtained from the ethical 
authorities. A detailed protocol’ explaining HSE’s proposals was therefore submitted 
through OPCS to the British Medical Association Ethics Committee. The application 
accompanying the protocol also required HSE to confirm that it had the agreement 
and support of the workforce. The protocol described the studies planned, how the 
cases and controls were to be selected, and also the managerial and working 
arrangements, particularly those required to maintain confidentiality. A similar 


submission was made to the West Cumbrian Ethics of Clinical Research Committee. 


To secure the necessary agreements, presentations were made both to management 
and workforce representatives. They gave their agreement on the condition that 
anyone who did not wish to be involved with the study should be given the opportunity 
to opt out. HSE formally submitted its application to OPCS on 20 September 1990. 
In order to advertise the investigation and provide the agreed opportunity to opt out, 
notices were placed in the BNFL and AEA newsletters and in a number of trade union 
journals. HSE’s press office also notified BBC national radio, local TV stations and 
national press to ensure maximum coverage of the opt out procedure which people 
could use if they did not wish to have their records used in the study. A number of 
people wrote in but, following clarification, only 5 asked not to be included. Of these, 
only one proved to be a potential subject (a control), and the matching process for him 
was not pursued. Thus the study was not materially affected. The clearance to 
proceed with the studies was received from the ethical authorities by 18 December 


and work commenced early in January 1991. 


Overall study management arrangements 
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The investigation, being made up of a number of distinct studies, required a 
management structure to ensure that the people who had access to the subjects’ 
names were separated from those who were to do the epidemiological analysis. 
Similarly, the people who were collecting and collating the data had to be separate 
from those who knew the identity of the case and control fathers. This was to ensure 
the necessary confidentiality, both to limit access to the names of cases and controls 
on a ‘need to know’ basis, and to prevent the possibility of bias in the interpretation of 
data. For the main epidemiological case-control study, five teams were set up as 
shown in Table 1. The whole project was controlled by a steering committee to decide 


on policy and planning. 


For the main case-control study the initial task was for Team A1 to obtain the birth 
certificates for those born in West Cumbria during the period 1950-1990 who were 
diagnosed prior to age 25 as having cancer. They separately obtained a sample of 


West Cumbrian birth certificates from OPCS for the same period. All of these birth 





Table 1 


Case-control study: Teams and their function 





TEAM FUNCTION’ 


Al (i) Obtain from OPCS copies of the birth registrations for all children born in the study 
area (Allerdale and Copeland Districts) during the study period, who had been 
flagged on the NHSCR as having died from or diagnosed with cancer.” 

(ii) Mix these with a sample of birth certificates of children born in the same study area 
and study period. 
(iii) Transfer the birth certificates to Team A2 in a manner ensuring that Team A2 did not 


know which were diagnosed as cancer sufferers. 


A2 (i) Search the BNFL and AEA workforce files to determine whether children whose birth 
certificates had been transferred from Team A1 were those of fathers who had been 
employed at the Sellafield site. 

(ii) Having identified children with fathers linked to Sellafield, prepare dosiers of 
occupational history and radiation exposure with identifying names and markings 


removed and replaced by a code. 


(iii) Transfer these anonymised dossiers to Teams B & C. 
B (i) Evaluate radiation dose data from film badge records in the dossiers provided by 
Team A2. 
(ii) Extract relevant information and translate it into modern dosimetry units, resolve 


queries, and pass the translated information to Team D. 


Cc (i) Using occupational histories provided by Team A2, assess each subject's potential 


for exposure to various chemicals. 


(ii) Pass the information to Team D. 
D (i) Using the completed anonymised dossiers, encode the data for computer analysis. 
(ii) Evaluate the results. 


Further details of the methods used by each team are given in the Appendices. 


N 


Individuals were candidates for inclusion as cases in this study where their diagnosis had been 
recorded on the National Health Service Central Register (NHSCR) by January 1992. Deaths up 


to 1990 and cancers registrations to 1987 had been recorded at that time. 
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certificates were passed to Team A2 without any indication of which might be a 


cancer Case. 


Team A2 then had the task of establishing which of these children could be directly 
linked to a father who was, or who had been, a member of the Sellafield workforce. 
They extracted from the Sellafield files details of the matching fathers’ work histories 
and radiation records. This information was anonymised and included in a complete 
dossier for each subject under a code number. These anonymised dossiers contained 
the basic information which was used in subsequent parts of the study described later 


in this report. 


Team B was given the task of producing the detailed interpretation of the external 
radiation dose histories for each subject. The collection of chemical exposure histories 
was the responsibility of Team C. In parallel with this "in house" HSE resource, the 
National Radiation Protection Board (NRPB) was contracted to carry out the internal 
dose assessment using relevant information on work histories and biological 
monitoring. Finally, Team D had the task of coding the anonymised information and 
carrying out the statistical analysis. (Details of the working methods used by the teams 


are given in Appendices 1 and 2). 


THE CASE-ONLY STUDY 


Objectives 
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It was decided to carry out an initial study of the occupational histories and radiation 
exposures of the 11 case fathers identified by Professor Gardner. Following clearance 
from the ethical authorities, Professor Gardner provided to HSE on a confidential 
basis the names of the Sellafield case fathers who had been included in his study. 
Team A2 carried out the investigation and reported its findings in June 1991. The 
results of this investigation were revealed to only a small number of people all within 
HSE: Teams B, C and D did not have access to them to ensure that no possibility of 


bias could be introduced to subsequent parts of the study. 


The objective of the case-only study was to carry out a detailed examination of the 
‘case fathers’ occupational histories at Sellafield to try to identify any factors which 
were common to this group. If any such factors were found, this might have implied a 
link with their children’s illness indicating a need for further protective action for the 


workforce. 





Working methods 
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The comparisons carried out in the case-only study were intended to be objective, but 
the information did not lend itself to the use of statistical or epidemiological 
techniques. Knowledge of the case fathers’ identities was limited within HSE to 
specified members of Teams Al and A2 who needed to know. The type of 
information obtained from BNFL records included data on external radiation doses, 
results of any biological monitoring, personnel records and involvement in incidents. 
Access was not provided to medical records, although some basic information which 
had been extracted by BNFL was examined to check whether any of these individuals 
had needed decontamination by Medical Centre staff. For each of the cases, a 
photocopy of each record type was prepared: the originals were returned to BNFL. 
From the photocopy, a second version was produced, the names of the case fathers 
and all other identifying features being removed and replaced by a code, to maintain 


anonymity. 


A series of standard spreadsheets was developed covering an overview of the fathers’ 
employment history up to the time of diagnosis of each child’s illness together with 
information for the two years centred on the assumed date of conception. These were 
completed for each of the case fathers by at least two members of the team as a check 
for accuracy. A comparison was made of relevant aspects such as total whole body 
external radiation dose up to the date of conception, type and location of work, 
exposure to contamination, and involvement in incidents in an attempt to identify 
common factors. For the purposes of this analysis, the occurrence of the same 


feature in five or more of the cases was deemed to constitute a common factor. 


Findings of the case-only study 
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It was noted that 7 out of the 11 case fathers were born or brought up in West 


Cumbria. This is not surprising as BNFL and AEA recruit locally. 


The analysis of the dates of birth of the case fathers’ children showed that the 
numbers of children born peaked between 1960 and 1964. The distribution showed 1 
child born between 1950 and 1954, 2 between 1955 and 1959, 4 between 1960 and 


1964, 2 between 1965 and 1969, 1 between 1970 and 1974 and 1 between 1980 and 
1984. 


Examination of cumulative totals in the film badge records showed that 4 out of the 
11 case fathers had received a total cumulative whole body dose of external radiation 
greater than 100 mSy prior to the conception of the case children, 2 had received 


doses between 50 and 99 mSv, and 4 had received doses between 1 and 49 mSv; the 
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30 


31 


= Ws 


remaining case father did not have a radiation dose record. These figures confirm the 


numbers in each of the dose bands used by Professor Gardner*. 


Examination of the records of doses received during the six months prior to conception 
showed only 2 of the fathers had received more than 10 mSv and 3 were in the range 5 
to 9.5 mSv. This compares with the 4 fathers estimated to have received more than 
10 mSv by Professor Gardner who used an approximate method of estimating the dose 
in this period by calculating proportionally from annual doses. No estimates of internal 


radiation dose were included in this case-only study. 


Examination of information about the working locations of case fathers for the period 
prior to the conception of their children showed there were two locations where at least 
3 of the case fathers had been employed for some period. (No conclusion was drawn 
from this: the topic of work locations is, however, dealt with in more detail in the case- 


control study reported later.) 


Examination of the information on the chemicals to which case fathers could have been 
exposed prior to the conception of their children showed several chemicals to which 5 or 
more of the fathers could have been exposed, ie they worked in parts of the plant where 
these chemicals were in use. The chemicals included ammonia, beryllium, caustic soda, 
nitric acid and sodium hydroxide. Apart from beryllium, the other chemicals listed are 
still in common use at Sellafield. Examination of occupational histories also showed 
that 5 out of the 11 fathers could have been exposed to coal or graphite dust at some 
time prior to the conception of their children. It is not possible to say that these 
findings are significant: the observation is merely that the individuals worked in areas 


where these chemicals were in use, not that they were actually exposed to them. 


Involvement of the case fathers in incidents associated with radioactive material was 
also considered. This showed that 6 had been involved in 1 or more such incidents prior 
to conception of their children, though none of these fell into the six month period 
immediately prior to the date of conception. In addition, 5 had been involved in 1 or 
more incidents in the period between conception and the diagnosis of their child’s 
illness. However, in the absence of controls against which to judge this finding, no 


particular conclusions could be reached. 


The findings of the case-only study were held in confidence, being withheld from Teams 
B, C and D to ensure that no possibility of bias could be introduced to the subsequent 


parts of the study. 


For one of the case fathers, the cumulative pre-conception whole body dose includes an estimate 


made by BNFL for two ocasions on which his film badge was lost. 





RADIATION DOSE STUDY 


Objectives 
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The Gardner report presented a prima facie case that fathers’ external radiation doses 
prior to the conception of their children are causally associated with a raised risk of 
leukaemia and NHL in the children. Following on from the case-only study, it was 
decided to compare the cumulative pre-conception doses of the 11 case fathers 
identified by Professor Gardner, and the doses they received in the year of conception 
of the case children, with those of all other males of the same ages in the Sellafield 
workforce. The objective was to see how they compared, and whether the associations 
reported by Professor Gardner would be maintained when seen in the context of all 


available dose data. 


Working methods 
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For this part of the investigation, the controls were all past and present male workers 


of ages matched to the case fathers at the time of conception. Annual and cumulative 


' external radiation dose data were provided by BNFL for all males employed at some 


time during the period 1950-1985. The data for the leukaemia and NHL cases were 
plotted together with the pooled data for the controls in order to show whether the 
case fathers’ radiation doses were typical. The relative risks of having a child who 
would develop these illnesses were estimated for men with recorded radiation doses at 
or above various levels, compared with those men who had received lower doses. 
Similarly the relative risks of case fatherhood for men with cumulative doses in a 
range of dose categories above 50 mSv were compared with those for men with a dose 


less than 50 mSv. 


For comparison purposes, figures were initially plotted for each case father and his 
controls to show in percentile terms how the case father’s cumulative radiation dose, 
and dose in the year of conception, related to other men of the same age. This data 
was then pooled: (i) for the cumulative dose; and (ii) for the dose in the year of 
conception, to produce figures 1 and 2 respectively. The x-axis represents the year 
(1950-1983), on a scale proportional to the numbers of age-matched controls employed 
at Sellafield at the time. The y-axis represents percentiles of this workforce. External 
radiation dose is represented in the body of the plot, and from the contours one can 
read off the y-axis the percentage of workers employed in the relevant year who had 
received a cumulative external radiation dose below the level indicated. Marked on 


these figures are the doses of the 11 case fathers against the year of their children’s 


conception. 


Figure 1 - Cumulative Dose Chart 
The conception dates and pre-conception radiation doses for the 11 case fathers identified by Professor 
Gardner shown against the distribution of man years by year and cumulative radiation dose for all 


Sellafield employees of the same ages as the case fathers. 
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Figure 2 - Annual Dose Chart 
The conception dates and radiation dose in the year of conception for the 11 case fathers identified by 
Professor Gardner shown against the distribution of man years by year and radiation dose in the 


relevant year for all Sellafield employees of the same ages as the case fathers. 
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36 Tables 2 and 3 show the relative risks derived from these data. Each table presents 
the risk in two ways, that headed “dichotomous dose levels” compares the relative 
risks above and below particular levels of dose; that headed “dose level categories” 


compares the risk from receiving a dose within a specified band prior to the date of 


Table 2 


Relative risks of leukaemia or NHL by lifetime pre-conception dose 


DICHOTOMOUS DOSE LEVELS DOSE LEVEL CATEGORIES 
Dose (mSv) Relative Risk 95% Confidence Case Dose (mSv) Relative Riskt 95% Confidence 

interval Distribution interval 

i 0 

>0 0.84 0.11 - 6.54 0 >0-9 
10 4.35 0.53 - 35.9 0 10-19 
20 7.38 0.92 - 59.4 1 20-29 
30 Sr2a 1.06 - 25.6 1 30 - 39 
40 4.13 1.05 - 16.1 2 40 - 49 
50 Pyress) 0.68 - 7.46 2 50 - 99 1.65 0.32 - 8.51 
100 2.30 0.65 - 8.14 1 100 - 149 1.81 0.21 -15.8 
150 2.84 0.72 - 11.2 2 150-199 6.34 1.20 - 33.4 
200 1.23 0.15 - 9.84 1 200+ lev AVA 0.20 - 15.9 
* Non-radiation worker +Baseline dose <50 mSv 
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Table 3 


Relative risks of leukaemia or NHL by dose in the year of conception 





DICHOTOMOUS DOSE LEVELS DOSE LEVEL CATEGORIES 
Dose (mSv) Relative Risk 95% Confidence Case Dose (mSv) Relative Riskt 95% Confidence 
Interval Distribution Interval 
ils 0 
>0 1.95 0.24 - 16.0 5 >0-9 
10 1.16 0.35 - 3.81 1 10-19 0.50 0.06 - 4.19 
20 1.95 0.57 - 6.67 2 20 - 29 1.93 0.39 - 9.59 
30 soy A 0.34 - 7.29 2 30+ IES 0.32 - 7.83 
* Non-radiation worker +Baseline dose <10 mSv 
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the child’s conception with that to individuals who have received less than 50 mSv for 


the cumulative dose, and less than 10 mSv in the year of conception. 


Findings of the radiation dose study 
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From Figure 1 it can be seen that 3 of the 11 case fathers had cumulative radiation 
doses exceeding 150 mSv prior to the conception of their children. Nine out of the 11 


received doses above the median. 


The mean of the cumulative doses of the 11 case fathers was also compared in 20 
trials to that of 999 randomly chosen sets of 11 controls. The case dose mean (106 
mSv) occupied a position estimated by this method to lie with 95% confidence between 
the 88th and 91st upper centiles of the range of means of all possible sets of 11 doses 
of the age matched men in the workforce. The results suggest an association of case 
fatherhood with comparatively high cumulative radiation dose, the comparison being 


made with all other workforce males of similar age. 


From the “dose level categories” side of Table 2, it appears that there is a trend of 


increasing risk at higher cumulative dose and a test for linear trend indicates that this 
relationship is significant at the 95% confidence level. However, in view of the wide 
confidence limits associated with the estimates, which are a reflection of the small 
number of cases involved, this data must be treated with caution. There is a 
suggestion in the estimate of a six-fold relative risk at doses of 150 mSv and above, 
which tends to support Gardner’s observation of a significantly raised risk of fathering 


a child who developed leukaemia or NHL at cumulative doses in excess of 100 mSv. 


Analysis of data from the “dichotomous dose levels” side of Table 2 suggests that risks 
may also be substantially raised at lower levels of dose, around 30-40 mSv. The 
association with dose is not monotonic when risks at these lower exposures are taken 
into account. It can be seen in Figure 1 that the case fathers cluster in two groups 
with respect to the dose category limits (and also with respect to the y-axis centile 
rankings). Three cluster in the 30-49 mSv band, and another 6 fall in the highest dose 
bands starting at just below the 100 mSv line. It is this pattern of clustering that 
explains the non-monotonic pattern of the risk ratios. Again it has to be emphasized 
that nearly all the estimated comparative risks involve wide confidence intervals so the 


results should be treated cautiously. 


Figure 2 relates to the year of conception. Six out of the 11 case fathers had doses in 
the year of conception of less than 10 mSv, whilst 3 had doses between 10 and 30 mSv 
with 2 exceeding 30 naSv. Five out of the 11 lie above the median annual dose. The 


mean annual dose of the case fathers was 14 mSv, a value which lies with 95% 
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confidence between the 63rd and 70th centiles of all possible subsets of 11 age-matched 


men in the workforce. No clear pattern emerges from this ranking. 


Table 3 suggests a raised risk of fathering a child with leukaemia or NHL for those with 
radiation doses of over 20 mSv in the year of conception which appears to represent 
about a doubling of the risk. This does not approach Professor Gardner’s estimate of a 
four-fold raised risk for doses of 10 mSv or more in the six months prior to conception. 
Again the wide confidence intervals associated with these findings mean they should be 


treated cautiously. 


THE MAIN CASE-CONTROL STUDY 


Objectives and overall plan 
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This third, and main part of the HSE investigation was set up to examine a range of 
issues arising from Professor Gardner’s work in relation to Sellafield fathers. The 
intention was, firstly, to include more case fathers and to extend his analysis using a 
more detailed assessment of radiation dose (including an estimate of internal radiation 
dose for each subject). Secondly, to examine the possible effects of other workplace 
factors, and thirdly, to see whether the risks of cancers other than leukaemia and NHL 
were raised in the children of workers with higher pre-conception radiation doses. 


Specific questions to be addressed were: 


(a) In addition to external radiation dose, what other workplace exposures, or other 


features of job history (if any) are associated with leukaemia in workers’ children? 


(b) Do any of these factors provide an alternative explanation of the observations of 


excess leukaemia? 


(c) Does the distribution in time of the workplace cases suggest any association of 


risk with particular calendar periods? 


(d) Does the paternal radiation/childhood leukaemia association appear consistently 
across the observation period, or is there any additional association with 


particular time periods? 


(=) Does the paternal radiation/childhood leukaemia association appear consistently 


both for births resident and non-resident in Seascale? 


(f) Is the risk of cancer other than leukaemia and NHL raised among the children of 


Sellafield workers? 
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The investigation method chosen to address these issues was a case-control study. In 
this design, the cases arising in the target population are compared with a 
representative sample of non-cases (controls) from the same population. For the 
present investigation the population of interest is that of children born to men directly 
employed at Sellafield. The main difficulty in assembling an appropriate study 
population is that there is no way of directly identifying the members of this target 
group. The study population was identified by a two-stage process of first identifying 
“candidate” case and control children from the totality of births to mothers resident in 
a wide area around the Sellafield site (the current local authority areas of Allerdale 
and Copeland), and then identifying within the candidate groups which children had 
fathers who had worked at Sellafield. 


identification of cases and controls 


Cases 
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The details of the methods used to identify case and control fathers are given in 


Appendix 1, and are summarised as follows: candidate case children were identified by 


searching the National Health Service Central Register (NHSCR) in the area currently 
known as Allerdale and Copeland for the period 1 January 1950 to 31 May 1990. This 
end date was chosen because it was the last date at which complete entry of deaths, 
regardless of their location, could be guaranteed. Although cases were sought 
amongst births registered up to 31 May 1990, September 1989 was the last date for 
which microfiche copies of birth records were available at the time of the extraction of 
the control series. No candidate cases were in fact identified amongst the registrations 
from October 1989 to May 1990, so the observation period for the study was taken as 
January 1950 to September 1989. 


Copies of death registration information for all deaths in this group were obtained 
from OPCS and reviewed by two members of Team Al independently, and all 
certificates indicating a malignant condition were noted. For the period 1971 
onwards, cancer registrations have been marked on the NHSCR, and cancer 
registration details for the children of interest were extracted by OPCS. At the time 
of data extraction, the latest cancer details on the register were for 1987. By this 
method, 203 candidate cases were identified. For each case, a copy of the birth 


certificate was obtained from OPCS, and the data was entered on a computer file. 


Controls 
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The candidate control children were a systematic random sample drawn from the 
same birth registers and in the same time period as the case children. Estimates 
based on the proportidn of control subjects in the Gardner study who were linked to 


the Sellafield work force suggested that a sample of about 2% of births would safely 
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yield the desired number of controls. The same work also suggested that it would be 
necessary to over-sample controls with mothers resident in Seascale, if adequate 
numbers of Seascale controls were to be obtained to stratify the analysis by this factor. 
The extent of this over-sampling was determined after the first batch candidate 


controls had been matched* against the Sellafield personnel records. 


In anticipation of the need to enhance the Seascale control sample, OPCS also 
extracted copies of all birth certificates in the same registries with registration 
numbers whose last two digits were in the range 11-25, and which mentioned 
"Seascale" on the register entry. The results of the first batch of matching showed 
that the Seascale controls would need a nominal 6% sample of births to achieve an 
adequate Seascale control sample. Accordingly, a randomly chosen 4/15ths of the 
additional Seascale sample of candidate controls was added to the basic 2% sample, 
after weeding out those certificates where the mention of Seascale on the certificate 


did not imply that the mother’s residence was in the civil parish of Seascale. 


In order to address the possibility of post-conception workplace effects, case children 
conceived before their fathers started work at the plant and diagnosed after that date 
were clearly of interest. However, large numbers of control children would naturally 
fall into this category, and if represented in the control series in their true proportion, 
would reduce the power available in the study to examine the effects of possible 
workplace pre-conception factors. It was decided to limit the numbers of control 
children whose fathers started work at Sellafield after their birth, but before their 
diagnoses, by taking a random 1 in 4 sample of the candidate controls who appeared 
at the initial stages of matching to fall into this category. A final total of 1482 
candidate controls was available for matching from the Allerdale and Copeland 


registration districts. 


Checks on control sample 
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The main candidate control sample should have automatically given something close 
to a 2% sample of live births, but the achieved sampling fraction was affected by 
cancelled register entries, and by registration books which did not contain whole 
hundreds of entries. The details of checks on the actual sampling fraction are 
described in Appendix 1. The final sampling scheme for controls resulting from these 
adjustments and from the over-sampling of Seascale controls and under-sampling of 
control fathers not employed at Sellafield before their child’s conception is 


summarised in Table 4. (See also Tables 1 and 2 in Appendix 1). 


"Matched" in this context means the father named on the birth certificate could be identified 


with appropriate confidence in the Sellafield workforce file. 
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Matching children named on birth certificates to fathers on the 


Sellafield workforce file 
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Birth certificate data for the 203 candidate cases and 1482 candidate control children 
were passed to Team A2 in randomly chosen batches, with cases and controls mixed 
together. The information on the birth certificates was then used to establish which 
candidates’ fathers had worked at Sellafield, by matching the available data to the 
personnel records held by BNFL and AEA. This was done by members of Team A2 at 
Sellafield, who were given access to the computerised personnel databases, and to the 
paper personnel files. Matches were scored on a pre-established scale of similarity 
based on the relative frequency of the values of matching items (surnames, forenames, 
addresses, jobs). A match was accepted at a score corresponding to a nominal false 
positive probability of 10°'7. All possible matches with nominal false positive 
probabilities between 10° and 10°? were reviewed in detail for indirect or additional 
evidence for or against a true match. There were 25 potential matches in this score 
range, and 11 were accepted. The numbers of case and control children successfully 


matched and retained in the study are summarised in Table 4 of Appendix 1. 


Because three members of Team A2 had worked on the case-only study, the identities of 
the 11 Sellafield case fathers identified by Professor Gardner, were known to them. For 
all other candidate cases or controls, the matching was performed without knowledge of 


whether the child concerned was a case or control. The review of borderline matches 


_was performed entirely case-blind. 


Extraction of information and production of dossiers 
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Appendix 2 describes the way in which information was extracted from files held by 
AEA and BNFL and was used to construct a dossier of employment history for each 
father included in the study. Access to information held by AEA and BNFL relating to 
employment history was provided at the Sellafield site in a way which ensured that no 


member of the employers’ staff became aware of the names of the subjects. 


For each of the 211 fathers in the investigation, a series of information dossiers was 
prepared. All information which might enable the individual concerned to be identified 


was removed. The dossiers contained the following information: 


VY External dosimetry details of external radiation doses assigned by the 
employer from each film badge or thermo- 


luminescent dosemeter (TLD). 


VY Internal dosimetry data from personal air samplers and from biological 


monitoring. 





V Chemicals potential for exposure to chemicals. 


¥V Work Histories containing the following information or records: 


Personnel - these were used to establish the types of work, the 


buildings and dates concerned. 


* Incident involvement in incidents or occurrences on the site 


which might have affected people. 


* Contamination information was provided by BNFL and AEA on 
people treated at the Medical Centre for 


contamination. 


V Father’s place of birth birth of a father outside Cumbria was used as an 


indicator for population mixing. 


External radiation doses 
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It became clear at a very early stage that since analyses covering various periods of 
time prior to conception were likely to be required, Team B should convert the dose 
data from the anonymised copies of the original dose records on a “badge-by-badge” 
basis, ie where possible, the dose recorded for each interval of time for which routine 
whole body dosemeters had been issued, would be addressed. The output from 
Team B would thus allow, for each individual, the assigning of radiation doses for 
various time periods prior to the date of conception as well as cumulative dose up to 
that date. It was decided, following consultation with various medical experts, that 
the immediate pre-conception period of interest would be taken as 12 weeks. 
Radiation doses in that period were evaluated for each of the subjects in the study. 
Appendix 2 explains the reasons for this choice of time period and describes the 


procedures used. 


Much thought was given to deciding which components of external radiation should be 
addressed. It was considered unlikely that the beta radiation component would be a 
significant contributor to the dose and that within the accuracy of the study little 
would be lost by not including it. Only those recorded doses from X-, gamma, and 
neutron radiation therefore were translated. However, the dose records were not 
perfect and at times technical judgement had to be applied in deciding which dose 
figures to use. A panel of 3 health physicists arbitrated in particularly difficult 
instances. In a few cases where the dose records were particularly deficient, eg where 
there were unexplainéd gaps or where notional doses had been ascribed, imputation 


rules were developed (see Appendix 2). 


Internal radiation doses 


Sf 
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In addition to exposure to external radiation, workers in the nuclear industry, 
particularly in some locations at Sellafield, have the potential to inhale or ingest 


radioactive substances which give rise to additional radiation doses. 


Access was provided by BNFL and AEA to the records of each individual’s radioactive 
intake. This information was sent to the National Radiological Protection Board 


(NRPB), after anonymisation, for an estimate of internal radiation dose to be made. 


Taking into account the objectives of the study and the range of radionuclides to be 


considered, it was decided to make the following assessments: 


¥V integrated dose from the date of start of work to the date of conception; 


V dose in the 64 days prior to conception (in the subsequent analysis this was 


extrapolated to 84 days: see Appendix 2); 


VY dose in 365 days prior to conception; 


VY dose in each calendar year from the start of work to the year before date of 


conception. 


The results of the assessments carried out by NRPB for each subject for whom there 
was any record of intake of radioactive material were provided to HSE. In addition, 
NRPB prepared a full report of its work® which also summarised the main findings for 


the internal dose distribution within the study population. 


Potential for exposure to chemicals 
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Information on the potential exposure of case and control fathers to selected 
chemicals was obtained by Team C. The list of relevant chemicals was derived from 3 
sources. BNFL had provided for review by the Department of Health’s Advisory 
Committee on Mutagenicity of Chemicals in Food, Consumer Products and the 
Environment (COM), a list of chemicals used in bulk in the site processes and a list of 
those used in smaller quantities in the laboratories, together with their International 
Agency for Research on Cancer (IARC) classifications’. This was supplemented by 
information provided by inspectors with experience of the site and by the results of an 
in-house review of the scientific literature on occupational exposures associated with 
cancers in the offspring. Interviews were then held with BNFL and AEA personnel 
who had experience of jobs comparable to those held by the case and control fathers. 
This provided information on whether or not a chemical had been in use at a given 


time, and how it was handled. From this qualitative data it was possible to produce 
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an exposure ranking for each job type against each of the 35 chemicals on the list. 
The job histories were used to determine the duration of such potential exposures. 
Appendix 2 gives the full list of chemicals and describes in more detail the way in 


which Team C produced exposure rankings. 


In addition to the chemical substances it was decided to treat in the same manner a 


number of other factors which were not readily quantifiable. These were: 


neutrons, 
alpha-in-air, 
polonium, 
tritium and 


beta/gamma-in-air. 


Potential for exposure to these radiations and to the chemicals was rated on a seven 


point scale. 


For each case or control father, and for each of his separately identifiable periods on a 
job, an exposure profile sheet was completed and sent to Team D for inclusion in the 
analysis. At that stage the sheets were separately checked to identify any time gaps, 
any overlapping data which appeared inconsistent or any misinterpretation of the job 


histories. Anomalies were cleared at a series of meetings between Teams C and D. 


Work histories 
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In addition to the information covering radiation doses and potential for exposure to 
various substances and radiations, information on the job history of each individual 
was obtained. 


This was: 


(a) a history of jobs held, with (as available) job titles, cost centres and building 


numbers; 


(b) records of visits to the Medical Centre for decontamination after contamination 


events*; 
(c) a record of absences from work - either annual leave or sick leave - for each 


leave year; 


This information was céntained in medical records and to preserve medical confidentiality it was 


provided in summary form by BNFL. Further details are given in Appendix 2. 


(d) details of involvement in ‘incidents’ as recorded in the Sellafield incident 


database; and, 


(e) a record of any medical restrictions on work in active areas. 


Fathers’ place of birth 
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Since information on the fathers’ birthplaces was available, and to investigate further 
the Kinlen hypothesis, it was decided to construct a “migration index” as an indicator of 
population mixing. This was the ratio of the number of children of non-Cumbrian born 


fathers to the number of children of Cumbrian born fathers. 


Coding of the data 
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The data supplied for analysis to Team D was abstracted from the dossiers, keyed and 
then checked back against the original source to clear errors. The dossiers were also 
reviewed a second time to ensure that all relevant information had been abstracted. 
Throughout this stage, all of those involved in the encoding process were unaware of 
whether the dossiers being handled referred to cases or controls. The information thus 


input to the computer formed the basic data set for the statistical analysis. 


Statistical methods 
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The details of the statistical methods used in this report are given in Appendix 3. Two 
kinds of analysis have been made, the first being “internal” comparisons in which the 
characteristics of the cases are compared with those of controls within the study 
population (for example, the proportion of cases resident in Seascale at birth compared 
with the proportion of controls resident in Seascale at birth). The results of these 
internal comparisons are reported as “odds ratios” (ORs). An OR is calculated as the 
ratio of the odds that a case will occur in one group compared to another. The second 
kind of analysis used takes advantage of the fact that the controls represent a known 
proportion of the total population of children whose fathers worked at Sellafield. 
Because of this, the control numbers, together with known national rates for the cancers 
of interest, can be used to estimate the number of cases that would be expected to occur 
in this population. The number of cases observed can then be compared with the 
number expected, to give a direct measure of the relative incidence in the study 
population compared to the national average. The comparison of observed and 


expected cases is measured by their ratio, referred to as the O/E ratio. 


The calculation of expected cases needs to take account of the varying length of follow- 
up of individuals covered by the study. For example, a child born in 1950 will have had 
a full 25 years potential follow-up, while one born in 1980 will have had around 10. The 


calculation also has to take account of the fact that while the NHS Central Register 





(which was the source for case ascertainment) records deaths for the entire study period, 
cancer registrations are only recorded from 1971. When the NHS Central Register was 
searched to ascertain the cases for this study, cancer registrations for 1987 were not 
complete, and registrations for subsequent years had not been recorded. The probability 
of becoming a case is higher for those subjects whose follow-up includes time after 1970 
than for those with earlier follow-up. Expected case numbers were calculated using 
national cancer death rates for the periods 1950 to 1970 and 1988 to 1990, and national 


cancer registration rates for the period 1971 to 1987. 


Confidence intervals and p-values 
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Both ORs and O/E ratios are measures of the underlying risk of disease in the study 
population relative to a comparison group. Odds ratios always compare 2 sub-groups of 
the study population - for example, Seascale residents to non-Seascale residents, or 
children born after 1970 with children born before that date. The O/E ratios compare the 
study population (or its sub-groups) with the national average. Both types of estimate of 
relative risk are subject to statistical uncertainty, and the extent of this uncertainty can 
be indicated by a “confidence interval” or by a “p-value”. A 95% confidence interval 
indicates the range of values for a risk estimate which has a 95% chance of containing the 
true value; it provides an indication of the precision of the estimate. A p-value gives a 
measure of the probability of the observed results occurring if the “true” relative risk 


were one, ie if there were no difference between the compared groups. 


It should be remembered that confidence intervals and p-values are themselves 
estimates, subject to uncertainty, and dependent on the choice of an underlying statistical 
model. These measures should be seen as giving general guidance to the understanding 
of the data, by distinguishing those contrasts which are statistically more or less extreme. 
The convention used in this report is that of denoting associations with p-values of 0.05 or 
less as “statistically significant”, and those for which p-value is greater than 0.05 as not 
“statistically significant”. (This wording should be regarded as convention only. In 
reality, a result for which p=0.051 has the same implications as one for which 


p = 0.049.) 


Continuous variables, such as external radiation dose, can be treated either continuously 
or in a grouped fashion. Treating these variables as continuous clearly uses the most 
detailed available information. When this information is accurate, the form of the 
relationship between the variable and the outcome can be accurately specified. This 
provides the most powerful treatment of the available information. When these 
conditions are not fulfilled however, treatment as a continuous variable may be 
misleading. In particular, individuals with extreme values of the variable may have an 
undue influence on its assessed significance. For this reason, all continuous variables 


have also been analysed as grouped forms in two ways: 


(a)in three groups: unexposed/exposed below average/exposed above average (the two 


exposed groups made up of subjects with values above and below the median of all 


non-zero values of control subjects for the variable in question); and 


(b)in a two group version, simply comparing the zero value subjects with positive 


value subjects. 


Explanatory variables 


a2 Table 5 lists the main potential explanatory variables available within the study. For 


some the underlying definitions are obvious, for those discussed in the findings 


appropriate explanations are given. More information is provided in Appendix 3. 


Table 5 


List of potential explanatory variables 


Variable code 


DOBQ 
DOSQ 
QUIQ 
SEX 
FAGE 
SEAS 
JOBC 
TIME 


Variable name 


Childs’ date of birth 

Date at start at Sellafield 

Sellafield quit date 

Childs’ sex 

Father’s age at child’s conception 
Seascale resident mother 

Job class 

Years from start at Sellafield to child’s 


conception (or Sellafiald quit, if earlier) 


Measured and assessed radiation exposure 


External radiation (X & gamma) 
Days in any neutron job 

Days in any high neutron job 
Internal radiation (all nuclides) 
Internal radiation (alpha emitters) 


Internal radiation (tritium) 


Assessed exposure to chemicals and other workplace exposures 


C1 
C2 


Aniline 


Anthracene 


Factor/ 


Variate 


Level definitions/variate units 


5 year periods 

5 year periods 

5 year periods 
Male/Female 

<25/ 25 - 35/ >35 
No/Yes 
Industrial/non-industrial 


years 


mSv 
days 
days 
mSv 
mSv 


mSv 


Weighted days exposed 
Weighted days exposed 





C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C31 
C32 
C33 
C34 
C35 


Arsenic & compounds 
Benzene 

Benzidine & compounds) 
Beryllium (dust) 
Butex/di-n-butyl ether (used/degraded) 
Chromates/di-chromates 
Formaldehyde/formalin 
Graphite dust 

Hydrazine 

Hydroflouric acid 
Kerosene (used/degraded) 
Lead and compounds 
Mercury 

Phosphoric acids 

Picric acid 

Decontaminant type SDG3 
Tetrabromoethane 
Chloroform 
Tetrachloroethane 
Dichloroethane 
Trichloroethylene 

Carbon tetrachloride 
Sulphamic acid 
Thiopheny!-trifluoroacetone 
Ortho-Toluidines 

Zinc and compounds 
Alpha-in-air (Pu) 
Alpha-in-air (U) 
Beta/gamma (only) in air 
Tritium 


Polonium 


Actual and potential contamination 


NDCN 
NALP 

NBEG 
HEAV 
CLEA 

CON1 
CON2 





Total decontamination visits 

Number of alpha contaminations 
Number of beta/gamma contaminations 
Number of 'heavy' contaminations 
Number of 'not cleared' contaminations 
Days in most,gontaminating jobs 


Days in anydays in most contaminating jobs 


Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 
Weighted days exposed 


number 
number 
number 
number 
number 
days 

days 


FIRE Involved in Windscale fire f No/Yes 
IN57 In workforce on 10/10/57 (Windscale fire) f No/Yes 


Work areas and jobs 


1 R&DD - Chemical vf 

2 R&DD - Mechanical vf 

3 Decontamination vf 

4 High level waste vf 

5 Waste management vf - 

6 Effluent plants vf “ 

7 Windscale piles & B29 vt Ss 2 

8 Calder vf 5 ines 
= 

9 Ponds West vf ® fot 

10 Pond 5 - SIXEP vi 8 = 

11 Oxide ponds vf £ ob 

he Reprocessing (old) vf g 

13 Reprocessing (new) vf 5 3 
2 a 

14 North Group vf S 

15 THORP vf 8 : 

16 Fuel plants vf = g 

17 Windscale Nuclear Labs vf & 

18 Advanced Gas-cooled Reactor vf : 8 

19 Main workshop vi W 5 

20 Graphite workshop vf Ss & 

21 Maintenance - separation area vf 8 a 

ee Maintenance - non active vf 8 8 

23 Plumbers vf 5 8 

24 Painters/joiners vf s g 

25 Maintenance - electrical/instruments ‘vf 3 s 

26 Changerooms vf 5 © 

27 Health physics monitors vf 8 

28 Stores vf 

29 Training vf 

30 Site transport vf 

31 Police/firemen vf 

32 Draughtsmen & other office workers vf 

33 Chemical plumbers vf 





Grouping of cancer types 
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A COMARE working group’ "™ proposed the following classification for childhood 


cancer cases for use in studies relating to the issue of radiation and childhood cancers. 


- Lymphatic leukaemia and non-Hodgkin’s lymphoma 
- Other leukaemias 
Hodgkin’s disease 


- Brain and spinal tumours 


to oO oo eS 


- Other cancers 


Professor Gardner’s West Cumbria case-control study covered cases in groups A and B 
combined. The numbers of cases in the present study broken down by the full 
categorisation above are 12, 4, 3, 4, 9 respectively. In the results reported here 3 case 
groups have been used: group A of the above categorisation (sometimes abbreviated in 
what follows to LLNH); the combined groups A and B (abbreviated LNHL); and all 
other cancers (OCAN). Table 7 in Appendix 1 gives details of the different diagnoses 


within each of these categories A to E. 


Findings of the case-control study 


74 


The full results of the analyses are given in the tables in Appendix 3. The tables 
provide information on the statistical importance of the association between the 
occurrence of childhood cancers and the variables of interest. The main findings of 
interest arising from this study have been extracted from the tables in Appendix 3 and 
are presented in the following paragraphs. It should be noted that in all of the analyses, 
the date of conception has been taken to be 266 days prior to the date of birth. 


Exposure to external radiation 


nS 





Extracts from Tables A-5 to A-7, and A-56 to A-58 are given in Table 6. Table 6 shows 
the statistical associations for radiation doses to the fathers and the occurrence in the 


case children of: 


(a) lymphatic leukaemia and non-Hodgkin’s lymphoma (LLNH); 
(b) all leukaemia and non-Hodgkin’s lymphoma (LNHL) and 
(c) other cancers (OCAN). 


Table 6 includes results for both the cumulative pre-conception radiation dose and the 


12 week pre-conception dose. Table 7 provides typical details of the grouped analyses 
for LLNH. 


Table 6 


Statistical significance and sign of association between the various cancers (LLNH, LHNL and OCAN) 


and external penetrating radiation (XG): results are shown for both the cumulative pre-conception dose 


and the dose in the 12-week pre-conception period. 


Cancer type Continuous Three group Two group 
analysis analysis analysis 
p sign pe sign p sign 
Lymphatic leukaemia & NHL (LLNH) 
Cumulative dose 0.01 + 0.17 0.29 
12 weeks pre-conception dose 0.96 0.34 0.20 + 


All leukaemias & NHL (LNHL) 


Cumulative dose 0.01 + 0.28 0.63 
12 weeks pre-conception dose 0.58 0.31 0:32 


Other cancers (OCAN) 


Cumulative dose 0.05 ~ 0.09 - 0.67 
12 weeks pre-conception dose 0.34 0:35 0.14 - 


This table contains extracts from Tables A-5 to A-7 in Appendix 3. The sign of associations is only 


indicated if p < 0.2. 


* 


In the three group analysis, values shown are p for trend (see Tables A-56 to A-58 in Appendix 3). 
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Radiation dose (XG) is significantly associated (p = 0.01) with LNHL and LLNH when 
fitted as a continuous variable but not when grouped. The significance when analysed 
as a continuous variable is produced by a single case father who had a dose in excess 
of 500 mSv. Without this individual, this significance disappears (p = 0.38). This 
suggests that in the study population as a whole, there is only fragile evidence that 
dose is associated with an increased risk of these cancers. A different picture emerges, 


however, when Seascale is examined separately. 


For other cancers (OCAN) there is a significant negative association in both the 
continuous (p = 0.05) and 3 group analysis (p = 0.02), ie the risk decreases with 


increasing dose (see Tables A-7, A-29 and A-58 in Appendix 3). 


For radiation dose in the 12 week pre-conception period, there are no statistically 
significant associations for the study population as a whole for any of the cancer types. 


This finding contrasts with Professor Gardner’s observation of an association with 





Table 7 
Lymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risks for 


cumulative pre-conception radiation dose (XG). 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 
(3 groups) p = 0.17 


Unexposed 35 2 1.23 1.62 
Exposed - low half* 72 3 1.19 2.52 1.52 0.24 - 9.83 
Exposed - top half* 72 7 1.58 4.43 2.84 0.54 - 14.84 


Grouped analysis 


(2 groups) p = 0.29 


Unexposed 35 2 23 1.62 
Exposed 144 10 277 3.61 2.25 0.47 - 10.72 
ey Median dose 33.2 mSv: Exposed - low half, doses less than 33.2 mSv 


Exposed - top half, doses greater than 33.2 mSv 


This table contains extracts from Table A-15 in Appendix 3. 





paternal radiation doses in the six months prior to conception. But again a different 


picture emerges when Seascale is examined separately. 


79 Tables A-5 to A-7 in Appendix 3 show no significant effect in terms of the time spent 
in jobs involving potential exposure to neutrons (NEUT and NHD, another component 


of strongly penetrating radiation. 


80 Tables A-5 to A-7 in Appendix 3 also show that there is no significant association for 
internal radiation doses from intakes of all nuclides (IT) or alpha emitters (IA). In 
general the internal radiation doses received by the study population were extremely 


small in comparison to external whole body doses. 


Seascale 

81 For both LLNH and LNHL, residence in Seascale at the time of the child’s birth is 
highly significant (p = 0.008 and 0.0005 respectively). This is shown in Tables 8 and 9, 
and, in effect is confirmation of the Seascale “leukaemia clusters” reported by earlier 


researchers''. For all other childhood cancers (OCAN), Table 10 shows there is no 


significant associatign (p>0.5). 





Table 8 
Lymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risk by residence 
in Seascale (SEAS). 





Seascale residence Controls Cases Expected O/E OR 95% Confidence interval 
No 140 8 3.73 2.15 
Yes 39 4 0.28 14.44 6.97 1.98 - 24.59 


This Table contains extracts from Table A-12 in Appendix 3. 





Table 9 
All leuRaemias & NHL (LNHL): Observed and expected numbers with relative risk by residence in 
Seascale (SEAS). 


Seascale residence Controls Cases Expected O/E OR 95% Confidence interval 
p= 0.0005 

No 140 10 5.39 1.86 

Yes 39 6 0.41 14.81 8.67 2.9 - 25.91 


This Table contains extracts from Table A-57 in Appendix 3. 





82 In Tables 8, 9 and 10, the expected numbers of cases have been estimated on the basis 
of national incidence rates for the relevant disease groups. The observed to expected 
ratios therefore indicate the relative frequency of the illnesses compared to the 
national average. For children born to families resident in Seascale at the time of the 
birth, the rates of both LLNH and LNHL of the study are some fourteen times the 
national average(p = 0.00046 and p = 0.000013 respectively). For non-Seascale 
residents the corresponding rates are around twice the national average but this 
excess is not statistically significant (p = 0.078 for LLNH and p = 0.10 for LNHL). 
Part of the excess outside Seascale is due to cases arising in children conceived before 
the father started work at Sellafield (O/E ratio 3/1.43). For Seascale there was one 


other cancer (OCAN) case, compared with 0.85 expected. 


83 A joint analysis of the effects of cumulative pre-conception external radiation dose 
(XG) and Seascale residence is given in Table 11 for LLNH. The full details are given 
in Table A-35 in Appendix 3. There is a clear difference between the association with 


external radiation dose for Seascale and non-Seascale subjects. The statistical test of 





Table 10 


Other cancers (OCAN): Observed and expected numbers with relative risk by residence in Seascale 





(SEAS). 

Seascale residence Controls Cases Expected O/E OR 95% Confidence interval 
p= >0.5 

No 140 15 11.21 1.34 

Yes 39 1 0.85 1.18 0.75 0.10 - 5.85 


This table contains extracts from Table A-58 in Appendix 3. 





Table 11 
Lymphatic leukaemia & NHL (LLN#): Joint analysis for Seascale residence (SEAS) and cumulative pre- 


conception external penetrating radiation dose (XG) 





PRE-CONCEPTION EXTERNAL SEASCALE RESIDENCE 


DOSE GROUP (mSv) NO YES 

(@) E O/E O E O/E 
None 2 12) ale OS 0 0.02 O 
0.01 - 49 4 (esi eeseal at O OO 
50 - 99 1 O16 leo 2 0.04 47.3 
100+ 1 OG aeelia72 2 0.034786 


This table contains extracts from Table A-35 in Appendix 3. 





this difference - the significance of the interaction between the variables - indicates a 
strong effect (p = 0.009). Table 11 shows that for non-Seascale residents, the 
association with external radiation dose is similar to that shown in Table 7 for the 
total study population. In contrast, for Seascale subjects, the 4 cases all fall in the 
upper two dose groups, and are greatly in excess of the expected numbers. For the 
wider case definition, LNHL, there is a very similar pattern: within Seascale all 6 cases 
fall in the upper 2 dose bands and the test for an interaction between the variables 
shows an even stronger effect (p = 0.0004). Thus there is evidence of a very strong 
Statistical association between the cumulative radiation dose received by Seascale 


resident fathers employed at Sellafield and the incidence of leukaemia and NHL in 


their children. j 





Table 12 
Joint analysis of birth residence and father’s 12-week pre-conception radiation dose 


Case group LLNH (lymphatic leukaemia & non-Hodgkin’s lymphoma) 





EXTERNAL RADIATION DOSE IN THE SEASCALE RESIDENT AT BIRTH 
12 WEEKS BEFORE CONCEPTION (mSv) NO YES 

O hs O/E O E CE 
0 3 1.68 7s 0 0.040 0 
0.1 -2.4 ez 0.99 2.03 2 O17 11.4 
2.5-4.9 1 0.42 2.36 1 0.042 24.0 
5+ 2 0.63 rey Fe) 1 0.020 48.9 
p for trend: >0.5 0.18 


This table contains extracts from Table A-52 in Appendix 3. 





Table 13 
Joint analysis of birth residence and father’s 12 week pre-conception radiation dose 


Case group LNHL (all leukaemia & non-Hodgkin’s lymphoma) 


EXTERNAL RADIATION DOSE IN THE SEASCALE RESIDENT AT BIRTH 
12 WEEKS BEFORE CONCEPTION (mSv ) NO YES 

O [= O/E O E O/E 
(6) 5} 2:51 2.0 0 0.054 O 
0.1 - 2.4 2 RLS 15 2 0.26 7.8 
2.5-4.9 1 0.63 1.6 1 0.062 16.0 
5+ 2 0.89 Ze 3 038308957 
p for trend: >0.5 0.005 


This table contains extracts from Table A-52 in Appendix 3. 

SS SS TSI, BB BEES. ET SETI IT LINC TE IEA ESE ME ESE MS IE RSS Met) BATES ET a 

84 When Seascale residence is considered in combination with external radiation dose 
received over the 12-week pre-conception period, there is a consistent positive trend in 
the O/E ratio with dose category for both LLNH and LNHL: for the latter, this trend is 
statistically significant (p = 0.005). This is shown in Tables 12 and 13 respectively. 





Tabie 14 
Joint analysis of all leukaemia & NHL cases (LNHL) by cumulative and 12 week pre-conception 


radiation dose, for Seascale subjects only 





EXTERNAL RADIATION IN THE CUMULATIVE PRE-CONCEPTION DOSE 
12 WEEKS BEFORE CONCEPTION (mSv) <50 mSv 50+ mSv 

O l= O/E O le O/E 
<2.5 mSv O O:2305 0 2 0.080 25.1 
>2.5 mSv (0) 0.069 O 4 0.027 146.3 
All 12 week doses O 0.298 O 6 0.107 56H 
p for trend: =UrD 0.033 


This table contains extracts from Table A-54 in Appendix 3. 





Figure 3 - Observed/expected case ratio for LNHL by distance of birth 


residence from plant and main population centre 


Birth residence/distance band 





Band 1 (<3 km) 
Seascale (3 km) 
Band 2 (3 - 7 km) 
Egremont (7 km) 
Band 3 (7 - 11 km) 
Cleator Moor (11 km) 
Band 4 (11 - 13.5 km) 
Frizington (13.5 km) 
Band 5 (13.5 - 15 km) 
Whitehaven (15 km) 
Band 6 (>15 km) 
0.01 0.1 1 10 100 


O/E ratio 


-———1 95% Confidence limits 


The data for this Figure are shown in Table A-13 in Appendix 3. 
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Table 14 shows a joint analysis of the O/E ratio for cumulative and 12-week dose 
categories for the Seascale subjects only. In this sub-group, the positive associations for 
these two variables are independent. In other words the O/E ratio for all Seascale 
subjects with greater than 50 mSv cumulative pre-conception dose is 56: when this 
group is sub-divided by 12-week pre-conception dose, those with less than 2.5 mSv have 


an O/E ratio of 25, whereas those with more than 2.5 mSv have an O/E ratio of 146. 


Locations other than Seascale 
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The observed to expected (O/E) ratios of LNHL cases at various distances from 
Sellafield were calculated both for population centres which include Seascale, 
Egremont, Cleator Moor, Frizington and Whitehaven, and for the more rural sectors 


between these centres. 


The O/E ratios derived from the data are shown in Figure 3. Individually considered, 
only Seascale shows a significant excess of cases. There are only 2 cases in the 
generally less populated bands between the main centres of population; one case 
in band 2 (3-7 km) and another in band 6 (greater than 15 km). If the bands and the 
population centres are ranked by O/E ratio, the 5 population centres take the first 4 and 
the 6th positions. Even allowing for the fact that the expected numbers are generally 
higher for the population centres, this contrast is statistically significant (p = 0.03). 
If the observed and expected numbers are totalled separately for population centres 
(excluding Seascale), and for intermediate bands, the resulting O/E ratios are 2.6 (8/3.1) 


for population centres and 0.9 (2/2.3) for the intermediate bands. 


The data in Figure 3 show some suggestion of a gradient by distance from the plant, 
with a high O/E ratio in Seascale close to the plant, and the most distant band having 
an O/E ratio of almost exactly unity. The apparent association with distance is solely 


dependent on the data for Seascale. 


The incidence of other cancers (OCAN) by area shows some similarity with the pattern 
for leukaemia and NHL. The rates for population centres are generally higher, but 
Seascale is not exceptional, in contrast to the findings for leukaemia and NHL. The 
combined O/E ratio for the population centres was 1.9 (14/7.3) and for the intermediate 


bands was 0.4 (2/4.8) (see Table A-30 in Appendix 3). 


Population mixing 
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Figure 4 shows the relationship of O/E ratio to migration index for the 11 population 
bands. The population centres have O/E ratios that seem to fall in a very convincing 
linear relationship, and the zero values for the other bands have particularly wide 
confidence intervals. However, with Seascale omitted from the 11 population bands, 


the correlation with O/E ratio and migration index is not significant (p = 0.44). 





It remains non-significant if the analysis is restricted to the population centres other 
than Seascale (p = 0.48). With Seascale included there is a strong association 


(p = 0.0005). 


Time distribution of cases 
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The pattern of risk by child’s date of birth in Table A-8 of Appendix 3 shows some 
tendency towards higher risk in the early periods, but without any strong trend. The 
most significant dichotomy of the 8 periods is at 1970, the risk in the earlier years 
being about double that since 1970. In terms of absolute risk however, both periods 
show an excess when compared to the national incidence of childhood cancers; for 
LLNH the observed/expected ratios are 3.86 before 1970, and 1.80 after, and for LNHL 
the corresponding ratios are 3.25 and 1.91. The difference between these periods is, 


however, not statistically significant (p>0.2). 


In relation to diagnosis date, the highest rates are seen in the 1960s and 1970s: there 


were no cases diagnosed before 1960. Between 1960 and 1979, the O/E ratio was 





Figure 4 - Observed/expected case ratio for LNHL by migration index of 


birth residence 
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The data for this Figure are shown in Table A-13 in Appendix 3. 





Table 15 


Iymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risks by father’s 


date of start at Sellafield (DOSQ) 





Grouped analysis Controls Cases Expected OE OR 95% Confidence interval 


(8 groups) p= 0.12 


1950-54 43 3 a 2:10 

1955-59 29 3 0.72 4.15 1.66 0.30 - 9.11 
1960-64 13 4 0.42 9.60 5205 0.93 - 27.54 
1965-69 12 0 0.25 0) 16) 0.00 - 5.52 
1970-74 22 0 0.56 0 0 0.00 - 2.44 
1975-79 38 2 0.74 PSE 1.03 0.16 - 6.76 
1980-84 11 0 0.12 0 O 0.00 - 11.06 
1985+ NL 0 0.08 O 0 0.00 - 18.19 
Grouped analysis 

(2 Groups) p=0.038 

1950-64 85 10 Zee 4.44 

1965+ 94 2 Unis: 1.14 0.23 0.05 - 0.92 


This Table is also shown in Table A-9 (upper half) in Appendix 3. 
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around 4 for LLNH and around 3.5 for LNHL. From 1980, the O/E ratio has been 


around 2. The contrast between these time periods is not statistically significant. 


There are stronger patterns for risk in relation to the father’s start date at Sellafield. 
This is shown in Tables 15 and 16 for LLNH and LNHL respectively. Again, the 
higher risks are in the earlier period. The most significant cut point is at 1965 and the 
comparison of the periods before and after this date is significant for LLNH 
(p = 0.038). The excess risk is almost entirely concentrated in the period from 1950 to 
1964, with the observed to expected case ratio being 10/2.25 for LLNH, and 13/3.56 for 
LNHL. 


For other cancers (OCAN) in relation to child’s date of birth and father’s date of start 
at Sellafield, there is a hint of the pattern seen for leukaemias, with slightly higher 
rates for subjects with earlier dates on both variables (Table A-28 in Appendix 3). 
However, the strongest two-group contrasts for OCAN do not have the same cut-off as 
for the leukaemias. Also, for OCAN it is the two-group contrast for child’s date of 


birth which is (just) significant while the father’s date of start contrast is far from 





Tabie 16 


All Leukaemias & NHL (LNHL): Observed and expected numbers with relative risks by father’s date of 


start at Sellafield (DOSQ) 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 


(8 groups) p= 0.15 


1950-54 43 6 1.82 3.3 

1955-59 29 3 1.14 2.62 0.78 0.17 = 3.53 
1960-64 13 4 0.6 6.66 2.63 0.59 - 11.82 
1965-69 12 0 0.31 0 O 0.0 - 3.61 
1970-74 22 (0) 0.72 10) 0 OLOE NSS 
1975-79 38 2 0.92 2al8 0.61 0.11 - 3.38 
1980-84 at 1 Oni 5.98 Px O18 251m 
1985+ 11 0 OFZ O 0 0.0 - 9.65 
Grouped analysis 

(2 Groups) p=0.063 

1950-64 85 13 3.56 3.65 

1965+ 94 3 2.238 1.34 0.32 0.09 - 1.18 


This Table is also shown in Table A-9 (lower half) in Appendix 3. 
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being statistically significant. For leukaemias the situation was reversed. There is no 


indication of any systematic variation in risk by diagnosis date. 


For all leukaemias and NHL a strong pattern is also seen for father’s date of leaving 
Sellafield (Table 17). Here the risk is seen in subjects who left the workforce most 
recently, ie after 1975, or who are still employed. This comparison is significant 


(p = 0.04). 


The variable TIME, the duration of the period from the date of the father’s starting 
work at Sellafield to the conception of his child (or his leaving Sellafield if this is 
earlier), is quite strongly related to LLNH when measured as a continuous variable, 
but not in either grouped form (see Table 18). Examination of the risk estimates for 
the 3 Group version of this variable shows a J-shaped pattern, with the risk dropping 
in the middle category and then rising quite considerably for the longest duration 
subjects, though these differences are not significant. This pattern is similar to that 


shown for external radiaton as a continuous variable, and is, in fact, highly correlated 


Table 17 
All Leukaemias & NHL (LNHL): Observed and expected numbers with relative risks by father’s date of 
leaving Sellafield (QUIQ) 





Grouped analysis Controls Cases Expected O/E OR* 95% Confidence interval 
(8 groups) p= 0.13 


1950-54 6 1 0.21 4.66 1.32 0.13 - 13.1 
1955-59 5 0 0.29 0.00 0.00 0.00 - 3.4 
1960-64 12 6) 0.69 0.00 0.00 0.00 - 1.4 
1965-69 10 1 0.39 2.54 0.65 0.07 - 5.8 
1970-74 8 0 0.43 0.00 0.00 0.00 - 2.3 
1975-79 13 3 0.51 5.93 2.03 0.44 - 9.3 
1980-84 20 1 0.56 1.79 0.43 0.05 - 3.7 
1985+ 105 10 Qutak 3.69 

Grouped analysis 

(2 Groups) p=0.037 

1950-74 41 2 2.01 1 

1975+ 138 14 3.78 3.7 4.19 TANTS 274 


This Table is also shown in Table A-10 in Appendix 3. 


a OR values in the 8 group analysis are calculated relative to the data for the 1985+ period. 





with it. After allowing for the effect of XG, the variable TIME provides no additional 


explanatory power. 


OF An analysis of father’s age (FAGE), (see Table 19 based on the FAGE element of Table 
A-12) shows a significant effect due mainly to the fact that there are no cases among 
children born to fathers under 25. The risks for the 2 older fathers’ age groups, (25-34 


and 35+) are similar. 


98 Tables 20 and 21 show the joint analysis for external radiation and fathers’ date of 
start in 2 categories divided at 1965. This data shows that a positive relationship with 
external radiation holds only for subjects with date of start before 1965, the difference 
between the periods in this respect being quite clear. This difference is statistically 
significant (p = 0.025). The pattern is the same whether LLNH or LNHL are 


examined. 





Table 18 
Lymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risks by father’s 


time at Sellafield prior to child’s conception (TIME) 


Note: Main data in tables is for lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias 


(additional to those shown) are indicated in parentheses. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 
p for trend = 0.18 


Unexposed 24 2(1) 0.96 2.07 
Exposed - low half* 78 3(1) 1.6 1.87 0.83 0.13 - 5.49 
Exposed - top half* Ta 7(2) 1.43 4.88 2.36 0.44 - 12.73 


Grouped analysis 


(2 Groups) p=0.6 


Unexposed 24 2(1) 0.96 2.07 


Exposed (>0) 155 10(3) 3.04 3.29 1.53 0.31 - 7.65 
a Median time 4.01 years: Exposed - low half, time less than 4.01 years 


Exposed - top half, time greater than 4.01 years. 


This table contains extracts from Table A-14 in Appendix 3. _ 





Table 19 


Lymphatic leukaemia & NHL ( LLNH): Observed and expected numbers with relative risks by father’s 
age at child’s conception (FAGE). 


Note: Main data in table is for lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias 


(additional to those shown) are indicated in parentheses. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 


(3 groups) p= 0.04 


35+ 33 4(2) 0.84 4.79 
25-34 109 8(2) 2.3 348 0.70 0.19-2.56 
<25 36 0(0) 0.85 0 0 0. 0,91 


This table contains extracts-from Table A-12 in Appendix 3. - 


EE 








Table 20 


Lymphatic leukaemia & NHL (LNHL): joint analysis of father’s date of start and external radiation dose 





EXTERNAL RADIATION FATHER’S DATE OF START 
EXPOSURE GROUP (mSv) before 1965 from 1965 
O E O/E ratio O E 
Nil 1 0.54 1.84 1 0.69 
1-49 3 0.75 4.03 1 0.73 
50 - 99 3 0.49 6.11 0 0.20 
100+ 3 0.47 6.35 ) 0.14 


This table contains extracts from Table A-43 in Appendix 3. 


O/E ratio 


1.46 
1.37 





Table 21 


All leukaemias & NHL (LNHL): Joint analysis of father’s date of start and external radiation dose 





EXTERNAL RADIATION FATHER’S DATE OF START 
EXPOSURE GROUP (mSv) before 1965 from 1965 
O EE O/E ratio O E O/E ratio 
Nil 2 0.96 2.09 2 O20 ere 
1-49 3 TS i2.61 1 O.Otne tt 
50 - 99 4 0:76055.27, ) 0.24 O 
100+ 4 0.69 5.77 0 OnFa70 
This table contains extracts from Table A-43 in Appendix 3. 
Work areas and jobs 
99 Only one work area variable showed a significant effect when analysed for the 


cumulative pre-conception period: working in the Calder area of the site is significantly 


and positively associated with both LLNH and LNHL (see Tables 22 and 23 


respectively). All five cases are of lymphatic leukaemia and the odds ratio for 


this diagnosis is 12.6 (95% confidence inverval 3.24 to 49.2). 





Table 22 
Lymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risks by father’s 


working in the Calder area of the site prior to child’s conception. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 
(2 groups) p= 0.0007 


<5% of time in job 164 if 3.68 1.9 
>5% of time in job is iS) 0.32 15.48 12.63 3.24-49.23 


This table contains extracts from Table A-12 in Appendix 3. 





Table 23 
All leukaemias & NHL (LNHL): Observed and expected numbers with relative risks by father’s working 


in the Calder area of the site prior to child’s conception. 


Grouped analysis Controls Cases Expected Of OR 95% Confidence interval 
(2 groups) p= 0.003 


<5% of time in job 164 ut 5.34 2.06 
>5% of time in job 15 5 0.45 AGlzO 7.92 2.20 - 28.5 


This table contains extracts from Table A-57 in Appendix 3 (see PJ8). 





Exposure to chemicals 

100 Examination of potential for chemical exposure in the cumulative pre-conception 
period showed significant positive associations for some chemicals (tritium, 
chromates/di-chromates, formaldehyde/formalin, hydrofluoric acid, picric acid and 
trichlorethylene). Chromates and di-chromates are mutagens in animals. Of the 4 
cases potentially exposed to chromates/di-chromates, 3 were resident in Seascale at 
birth, and the association with Seascale accounts for the association with 
chromates/di-chromates but not vice versa. Of the remaining associations, only those 


for tritium and trichloroethylene are strong enough to merit detailed consideration. 


Exposure to tritium 
101 The association for LLNH and LNHL with the potential for exposure to tritium is 
shown in Tables 24 and 25 respectively. There is a strong positive relationship for the 


continuous measuré (p<0.00001) and for both grouped measures with a positive trend 


in risk for the 3 group analyses. 





Table 24 
Lymphatic leukaemia & NHL (LLNH): Observed and expected numbers with relative risks by father’s 


assessed exposure to tritium prior to child’s conception. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 
p for trend = 0.0018 


Unexposed: 87 5 a is! Zoo 

Exposed-low half* 8 Zz 0.13 14.97 8.29 1.26 - 54.7 
Exposed-top half* % 3 0.15 20.29 15.9 2.52 - 100.6 
Grouped analysis 


(2 groups) p=0.0059 


Unexposed 87 5 2S 2.35 
Exposed (>0) 15 5 0.37 13.54 haha 91315 
sal Median weighted days exposed 136.4 days 


Exposed - low half, weighted days less than 136.4 days 
Exposed - top half, weighted days greater than 136.4 days. 


This table contains extracts from Table A-20 in Appendix 3. 





Exposure to trichloroethylene 

102 The associations between LLNH and LNHL and potential exposure to 
trichloroethylene are shown in Tables 26 and 27 respectively. All but 2 of the cases fall 
in the highest of the 3 exposure groups, and for LNHL the contrast of this group with 
the other 2 groups is statistically significant (p = 0.011). 


Overlap of tritium and trichloroethylene exposure potential 

103 Table 28 shows a joint analysis of LNHL cases by potential exposure to tritium 
(ever/never exposed) and trichloroethylene (highest group/others). All the cases with 
potential tritium exposure also lie in the highest trichloroethylene exposure group. 
The associations of these two exposures cannot therefore be statistically separated 


with any certainty. 


Potential for contamination 
104 No consistent pattern emerged from the analysis of variables related to potential or 
actual pre-conception exposure to radiation contamination incidents. For the study 


population as a whole, children of fathers with at least one recorded beta/gamma 





Table 25 
All leukaemias & NHL (LNHL): Observed and expected numbers with relative risks by father’s assessed 


exposure to tritium prior to child’s conception. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence Interval 
p for trend = 0.026 


Unexposed 128 al 4.15 2.65 
Exposed-low half* 11 2 O27 7.40 ie /7/ 0.57 - 17-63 
Exposed-top half* 11 3 0.28 10.77 5.61 1.18 - 26.66 


Grouped analysis 


(2 groups) p=0.014 


Unexposed 128 10 4.15 2.41 
Exposed (>0) 20 6 0.67 8.93 4.71 1.46 - 15.13 
* Median weighted days exposed 136.4 days 


Exposed - low half, weighted days less than 136.4 days 
Exposed - top half, weighted days greater than 136.4 days. 
This table contains extracts from Table A-57 in Appendix 3 (see TRI 2 and TEN 2). 





contamination incident have an odds ratio of 3.2 for LNHL compared to fathers with 
no such contaminations (p = 0.04), but no trend is seen in the three-group analysis, 
nor is there a positive association with “heavy” contamination. A significant 
association between LNHL cases and failure to completely clear the contamination 
before discharge from the Medical Centre is based on two cases only. “Time in any 
contaminating job” is significantly associated with LNHL in the continuous analysis, 
but there is no consistent trend and “Time in most contaminating jobs” does not show 
any positive association. (Tables A-21 to A-23 in Appendix 3 illustrate these points.) 
No strong interpretation can be placed on these patterns. Within the Seascale subset, 
statistically significant associations were found for LNHL and the number of visits to 
the Medical Centre for decontamination in the continuous (p=0.0002, Table A-55) and 
grouped analysis (p = 0.0071, Table A-53). No other conéistent findings were evident 
for the Seascale subset. There are no positive findings for other cancers (OCAN) in 


relation to involvement in contamination incidents. 


Cancers other than leukaemia or NHL 
105 The associations for other cancers (OCAN) with work areas, chemicals and 
contamination potential are given in detail in Appendix 3. None were strongly 


significant, or involved more than a small number of cases. Making allowance for the 





Table 26 


Lymphatic leukaemia and NHL (LLNH): Observed and expected cases with relative risks for potential 


exposure to trichloroethylene. 


ssn 


Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 


p for trend = 0.15 


Unexposed 13 1 0.21 4.71 

Exposed - low half* 37 1 0.82 1.22 0.24 0.01 - 4.29 
Exposed - top half* 37 6 0.79 7.63 1.83 Os HSNe Ane: 
Grouped analysis 


(2 groups) p=0.055 


Unexposed and 


exposed - low half 50 2 1.03 1.94 


Exposed - top half 3%, 6 0.79 7.60 4.66 0.86 - 25.1 


* 


Median weighted days exposed 450.5 days 
Exposed - low half, weighted days less than 450.5 days 
Exposed - top half, weighted days greater than 450.5 days. 


This table contains extracts from Table A-56 in Appendix 3. 





large number of variables examined, none of these associations were judged strong 


enough to merit detailed consideration. 


Post-conception period 
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Age 
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A number of contamination incident variables are associated with leukaemia and NHL, 
and with other cancers, but there is no association with the variables of most interest in 
this context, ie that relating to whether the contamination had been cleared at the time 
of discharge from the Medical Centre (see Tables A-59 to A-61 in Appendix 3). None 


of the other variables studied show a significant association with any cancer grouping. 


distribution of cases 

Examination of the LNHL cases shows that all were diagnosed either before reaching 
7‘, years old or after reaching the age of 17',,, five of the cases being in the older group. 
The small number of cases limits the scope for separate analyses of the older group. 
Comparison of analyses using all cases with those for the young cases only, showed that 
the older case group contributed to the Seascale and tritium associations (mainly 


through a single case) but not to the external radiation and Calder associations. 





Table 27 
All leukaemias and NHL (LNHL): Observed and expected cases with relative risks for potential 


exposure to trichloroethylene. 





Grouped analysis Controls Cases Expected O/E OR 95% Confidence interval 
p for trend = 0.035 


Unexposed ike} 1 0.34 2.98 
Exposed - low half* 37 1 edt 0.90 0.28 0.02 - 4.94 
Exposed - top half* 37 8 en 7.16 2.97 0.32 -2755 


Grouped analysis 


(2 groups) p=0.011 


Unexposed and 


exposed - low half 50 2 1.45 1238 
Exposed - top half 37 8 1.12 7.16 6.75 1.37 - 33.4 
us Median weighted days exposed 450.5 days 


Exposed - low half, weighted days less than 450.5 days 
Exposed - top half, weighted days greater than 450.5 days. 


This table contains extracts from Table A-18 in Appendix 3. 





Table 28 


All leukaemias and NHL (LNHL): Observed and expected cases by potential exposures to tritium and 


trichloroethylene. 
Trichloroethylene exposure Tritium exposure 
No Possible Unknown 
O/ E O/E O/E 
Unexposed and exposed - low half Act = ONOnte 0/ 0.14 
Exposed - top half 2/0.44 6/0.37 0/ 0.31 
Unknown 6/ 2.52 - 0/ 0.18 0/ 0.52 


This table contains extracts from Table A-47 in Appendix 3. 
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DISCUSSION 
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HSE’s interests in having these investigations carried out centred on answering the 
question of whether the observed excess of leukaemia among young people in Seascale 
arose from an occupational cause, such as that suggested by Professor Gardner. If 
this were found to be the case then further measures to protect the health and safety 
at work of the population at risk would have to be considered. The 3 parts of HSE’s 
investigation were devised to contribute to the knowledge required to answer this 


question. 


The Case-only Study 
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It was recognised that without controls for comparison, the Case-only Study would be 
unlikely to provide strong grounds for action unless there were obvious common 


factors. None of the areas investigated showed such obvious factors. 


Examination of the radiation dose histories of the case fathers generally confirmed the 
data used by Professor Gardner, but at the time the Case-only Study was completed, 
the evidence was not clear enough as to the connection between the fathers’ pre- 
conception radiation doses and risk of leukaemia and NHL in their children. 
However, it was noted at the time that the majority of the cases (10 of 11) had 
occurred prior to 1974 and that there had been substantial reductions in average and 


peak radiation doses at Sellafield since that date. 


In addition to looking at the radiation dose records of the case fathers, work location, 
job type and the potential for exposure to certain chemicals was also examined. 
Nothing was identified which could have been regarded with any confidence as being a 
common factor. Some of the fathers could have been exposed to a variety of 
chemicals, but the evidence was insufficient to indicate possible exposure levels or, 
indeed, whether exposure occurred at all. The observations were merely that they had 
worked in locations or jobs where such chemicals were, or might have been expected 


to be in use. 


The Radiation Dose Study and the main Case-control Study 


External pre-conception radiation doses 
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Both the Radiation Dose Study and the Case-control Study provided an opportunity 
to examine the suggestion that there is an association between a father’s cumulative 
and short-term pre-conception external penetrating whole body radiation dose and the 


chance of his child contracting leukaemia or NHL. 





fis 


114 


135 


116 





The Radiation Dose Study showed that the Gardner case fathers as a group had 
incurred a relatively high average cumulative radiation dose compared with groups of 
Sellafield men of similar ages. There also appeared to be a trend of increasing risk 
with radiation dose. The wide confidence intervals relating to these analyses indicated 


that the results should be treated with caution. 


The Case-control Study only showed a significant association with cumulative pre- 
conception external radiation dose when it was treated as a continuous variable, but 
not when relative risks were analysed in terms of exposure groups. However, the 
continuous variable association was solely dependent on one case father who had a 
very high dose: the significance of the association is removed if the data is analysed 
without that case. When the findings for exposure to external radiation and those for 
residence in Seascale (see below) are taken together, coupled with the strong influence 
which the Seascale cases had in the radiation dose study, the evidence that cumulative 
paternal pre-conception radiation exposure alone is linked to an increased risk of 


leukaemia and NHL in the children is fragile. 


In the Radiation Dose Study the short-term pre-conception external radiation dose 
was taken as the dose in the year of conception. In this study there was a suggestion 
of a raised risk of a child developing leukaemia or NHL for fathers with radiation 
doses of over 20 mSv in the year of conception. Again the wide confidence intervals 
associated with the findings mean they should be treated cautiously. For the Case- 
control Study no association was found for external radiation dose in the 12 week pre- 
conception period for the study population as a whole. But there was a positive 
association for the Seascale subjects. Furthermore, this association was statistically 
independent of that for cumulative pre-conception dose. These findings resemble 
those of Professor Gardner, but on the basis of our data, apply only to the Seascale 
subset. In considering the possibility of any short term pre-conception effect, a 
12 week period is biologically more appropriate than the 6 months used by Gardner, 
since this is the likely time span in which a specific effect on spermatozoa as opposed 
to germ cells could occur. However, a direct effect on spermatozoa was perhaps the 
least plausible component of Professor Gardner’s hypothesis based on current 


understanding of radiobiology. | 


Although there is an excess of other cancers in the children of the fathers studied, the 
excess is small and not statistically significant. The only significant associations with 
radiation related variables are a negative association with paternal pre-conception 
radiation dose and a positive association with post-conception contamination 
incidents. The positive association for post-conception contamination incidents is not 


thought to be important in the context of the possibility of direct contamination of the 


Lt; 


child, since there is no positive association for incidents “not cleared of contamination 
on discharge from the Medical Centre”, and because there is no association with work 


in areas with higher contamination potential. 


It is clear that the pattern of associations for other cancers is quite distinct from that 
seen for leukaemias and NHL. There is no evidence of excess associated with Seascale 
or with father’s pre-conception radiation dose. Indeed, the other cancer case fathers 
had significantly lower average pre-conception radiation dose than control fathers. 
This means that if there is a real effect for leukaemias and NHL involving Seascale 
and paternal pre-conception radiation, it must be due to mechanisms specific for these 
cancers, or for these cancers and a limited range of other cancer types occurring in 
this age group (too few in number for this study to detect). There is no evidence of 


any effect across all cancer types. 


Seascale 
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Residence of the family in Seascale at the date of the child’s birth appears from this 
study to be important for leukaemia and NHL. (Only one case of a cancer other than 
leukaemia or NHL was born in Seascale.) Over the whole study period, the ratio of 
observed to expected cases of LLNH and LNHL in the children of the Sellafield 
workforce born in Seascale was about fourteen whilst for the children of the workforce 
with non-Seascale residence the ratio was about two. The latter ratio is not 
statistically significant and is partly based on 3 cases born before their fathers started 


work at Sellafield. 


A further peculiarity of these Seascale cases is that they have strikingly higher 
radiation doses than other Seascale subjects. In other words, the data support the 
“Gardner” association within the Seascale-resident part of the Sellafield workforce. In 
addition, the Seascale case fathers were more likely to have been involved in 
contamination incidents than Seascale control fathers. The relationship with radiation 
in the non-Seascale part of the study population is at best weak, and arguably non- 
existent, and there are no consistent relationships with contamination incidents 


involving fathers resident outside Seascale. 


The hypothesis put forward by Kinlen that the incidence of childhood leukaemia may 
be raised in areas where there has been a recent inflow of non-local people may be 
relevant here. It is certainly the case that Seascale has an unusually high immigrant 
(non-Cumbrian born) proportion of fathers. Estimated from present data, the ratio of 
non-Cumbrian born to Cumbrian born fathers is 4.5 among the Seascale fathers and 
0.24 in the rest of the population on which the study is based. If Kinlen’s hypothesis is 


correct, it could explain why the leukaemia rate at Seascale is raised. 
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It is not clear whether the non-significant excess of leukaemia and NHL identified in 
those Sellafield workers’ children not born in Seascale could be taken as evidence of 
an effect of population mixing (at a lower level) in the other population centres. The 
association between leukaemia rate and migration index is not statistically significant 
without the Seascale data. Furthermore, the published evidence suggests that the 
effect on childhood leukaemia rates is expressed quite rapidly after the relevant 
population movements* '*, whereas the excesses seen in this study persist over at least 
20 years. The concentration of cases in the population centres may be consistent with 
an infective process but it should be noted that the higher rates of cancer in these 
centres were also seen in this data for cancers other than leukaemia and NHL, for 


which no link with population movements has been suggested. 


Time distribution of cases 
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The analyses of father’s date of start and child’s date of birth show similar patterns, 
with the higher risks in the earlier periods (before 1965 for father’s date of start, before 
1970 for child’s date of birth). Taken individually, father’s date of start shows the 
stronger contrast between its two periods. Thirteen out of the 16 case children were 
born to fathers who started work at the site before 1965. The absolute excess risk is 


almost entirely concentrated in this group. 


This observation has two implications. Firstly, the fact that the strongest time 
comparison is based on a measure of the fathers’ employment timing (rather than the 
child’s diagnosis, or birth date, for example), provides some evidence for a paternally 
mediated effect of some kind. Secondly, the absence of any apparent excess among 
the children of fathers first employed at Sellafield since 1965 suggests that if workplace 
factors are involved, they relate to conditions that no longer apply (and, indeed, have 


not applied for over 25 years). 


In relation to diagnosis date, no cases of leukaemia or NHL were diagnosed in the 
1950s. The excess appears in the 1960s and 1970s, and is slightly higher in the latter 
period. This pattern does not seem to be consistent with a population mixing effect, 
at least in its simplest form, since the initial influx into the area (and especially 
Seascale), took place in the 1950s. It is difficult to see how an unusual infective 


environment could persist - and remain isolated - through a twenty-year period. 


In considering the evidence for a population mixing effect, it should also be noted that 
the children of Cumbrian born fathers and of non-Cumbrian born fathers shared the 


excess risk of leukaemia and NHL about equally. 


It seems difficult te/attach a substantive interpretation to the significant association of 


leukaemia and NHL rates with fathers’ date of leaving Sellafield (with the excess 


limited to children of fathers leaving the workforce from 1975 onwards - including 
men still employed there). The numbers of expected cases for children born to fathers 
with early leaving dates are low, and evidence from the matching process (see 
Appendix 1) suggests that fathers who left the workforce in the 1950s are under- 
represented in the study, but there is no reason for this under-representation to affect 


cases and controls differently. 


Work areas and jobs 
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The analyses of work areas were based on the assignments of individuals who had 
spent more than 5% of their time in a particular work area prior to the conception of 
their children. From this type of analysis, work in the Calder group of buildings is 
significantly and positively related to the incidence of LNHL and LLNH. A total of 


five cases of lymphatic leukaemia were associated with this work area. Although two 


of the cases also had mothers resident in Seascale, the Calder and Seascale 


associations are independent and the Calder workplace association is difficult to 


explain on the basis of present knowledge. 


Exposure to chemicals 
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In considering the potential for exposure to chemicals it was recognised that the 
quality of the data was unavoidably weaker than those data which could be quantified, 
such as recorded radiation doses, or those which could be considered as factual, such 
as places of residence and dates. Consequently, the statistical power to detect any real 
effects of chemical exposures is less than it would be if accurate measurement of these 
factors was available. However the data were gathered in a systematic and consistent 
fashion, and assessments were made without knowledge of the case/control status of 


the subjects involved. 


Potential exposure to tritium 
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Assessment of potential exposure to tritium was carried out in the same manner as 
for the other chemicals considered in the study. Strong positive statistical associations 
are shown with work where exposure to tritium might have occurred, both when 


analysed as a continuous variable and when analysed by exposure group. 


This might imply that paternal pre-conception exposure to high levels of tritium could 
be associated with the incidence of childhood leukaemia. However the data on which 
the analyses are based suffer from the weaknesses already described. Further, if 
paternal exposure to tritium were to be taken as a strong candidate for a cause of 
some of the cases, it would imply that the employers at the time were unaware of 
tritium’s importance as a radiological hazard, and that they were not monitoring 
either the workplace or the workers who could have been exposed, ie that substantial 


individual exposures could have passed unnoticed. The evidence available for 
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Sellafield suggests that this was not the case - with records showing both environmental 


and biological monitoring taking place as far back as the mid-1950s. 


The Canadian study of the occupational exposure of fathers to ionising radiation 
included reference to exposure to tritium. The number of fathers in that study with a 
recorded non-zero pre-conception exposure to tritium was 14, none of whom was a 
case. There is no suggestion in the Canadian work that pre-conception tritium 
exposure (at the levels experienced in that study population) was associated with 


childhood leukaemia. 


Potential exposure to trichloroethylene (TCE) 
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Variables assessing potential exposure to chlorinated solvents were included in the 
study because these substances had been widely used at Sellafield and because of 
limited evidence in the literature of an association between paternal exposure to them 
and childhood leukaemia. A non-significant positive association with TCE has been 
reported’. The positive association between leukaemia and NHL and some measures 
of potential TCE exposure in this study cannot be separated statistically from potential 
exposure to tritium. In view of this and in the absence of strong independent 


supporting data, the evidence of an effect of TCE in this study is considered weak. 


It is possible that the potential for exposure to tritium, work in the Calder area, and 
potential for exposure to TCE are markers for some other, more relevant exposure that 
was not assessed in this study. If that is so, then it remains the case that if such a 
workplace cause contributes to the excess of leukaemia and NHL in Seascale, it 


appears to be no longer exerting an effect. 


Other chemicals 
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Positive associations for pre-conception exposure to chromates/di-chromates, 
formaldehyde/formalin, hydrofluoric acid and picric acid with one or both of the 
leukaemia/NHL case groups are identified in this study. _ These associations are not as 
strong as those for tritium and trichloroethylene and are not generally consistent in the 
various analyses done. They become non-significant when allowance is made for the 
multiple comparisons undertaken. Chromates and di-chromates are recognised animal 
mutagens, but in this study the association with chromates/di-chromates is accounted 


for when the analysis is controlled for residence in Seascale at birth. 


implications for workplace regulation 


E35 





Since publication of Professor Gardner’s report, the nuclear industry, in consultation 
with the workforce, has increased its efforts to restrict whole body radiation doses to 
less than 15 mSv. Also, in April 1991, HSC issued the 4th Part to its Approved Code of 


Practice supporting the Ionising Radiations Regulations 1985. This came into effect 
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in July 1991: it calls on employers to review past decisions on exposure levels in the light 
of evidence that risks to workers might be 2 or 3 times as great as previous estimates, 
and is intended to trigger an additional investigation for any employee whose radiation 
dose reaches or exceeds 75 mSv in any 5 consecutive calendar years after 1 January 
1988. HSE has also prepared non-statutory guidance’ setting out a framework within 
which managers can take decisions on keeping doses as low as reasonably practicable. 
HSE’s NII has recently issued its revised Safety Assessment Principles!’ which, inter 


alia, included a tightening of those principles relating to the control of radiation doses. 


Records of whole body radiation doses for Sellafield personnel (including Calder Hall) 
from 1988 to 1992 reveal that actions to reduce both average doses and the numbers of 
staff in the higher dose categories have been successful. Average doses have been 
reduced from 4.6 to 2.4 mSv per annum whilst the numbers of persons receiving doses 
above 20 mSv per annum have been reduced from 126 to zero. Numbers in the dose 
band 15 to 20 mSv have shown a decline from 277 in 1988 to 6 in 1992. These 
reductions have been achieved against a reduction in collective dose (man-Sieverts) for 


the Sellafield site from 30.2 in 1988 to 16.0 in 1992. 


If other sites are taken into consideration, the information provided by approved 
dosimetry services to HSE’s Central Index of Dose Information shows that between 
1986 and 1991 there was a 10-fold reduction in the proportion of classified radiation 
workers who received a whole body dose greater than 15 mSv per year. Less than 200 
out of about 60 000 classified persons received doses greater than 15 mSv in 1991, and 


more than 95% had doses of less than 5 mSv. 


In the light of these findings and in view of the success of the actions already taken both 
by the industry and HSE, there is no need for any urgent regulatory action at present. 
The subject of ionising radiation exposure is one which HSE keeps under continuing 
review and will be dealt with in line with requirements arising through the revised 
Euratom Directive: this will lead, in due course, to revised UK Regulations under the 
Health and Safety at Work Act. Doses currently received by classifed workers are such 
that no substantial changes to present working practices will be needed to meet the 
requirements of the revised Euratom Directive, and revised UK regulations on radiation 
protection which are expected to take account of the latest recommendations” of the 


International Commission on Radiological Protection, ICRP 60. 


The findings of the investigation into potential exposure to chemicals have not led to 
any conclusive results. Effective control of the known risks from hazardous substances 
should be achieved by compliance with the Control of Substances Hazardous to Health 
Regulations 1988. The introduction of these Regulations mean that no additional legal 


measures in relation to chemicals are required. 





CONCLUSIONS 


140 


141 


142 


143 


144 





The first two parts of this HSE investigation, the Case-only Study and the Radiation 
Dose Study, were concerned with the 11 case fathers who had worked at Sellafield 
identified by Professor Gardner. These studies were associated with children born, 
and diagnosed as suffering from leukaemia or NHL, in West Cumbria. The third part, 
the main Case-control Study, was a full epidemiological study which sought to identify 
all cases of cancer diagnosed before the age of 25 and where the children concerned 
had been born in West Cumbria to fathers who had been directly employed at 
Sellafield. The search for diagnosed cases included the whole country and the period 
covered was from January 1950 to September 1989. In all, 16 cases of leukaemia and 


NHL, and 16 cases of other cancers were identified. 


The purpose of the first two parts was to determine whether any of the information 
available at an early stage suggested a need to take action to further protect the health 
and safety of Sellafield employees in particular, or radiation workers in general. 
Nothing emerged from these parts to suggest such a need although the results of the 
Radiation Dose Study did provide some weak support for the associations found by 
Professor Gardner between pre-conception radiation dose to the fathers and the risk 


of leukaemia and NHL in their children. 


This result was not surprising since the fathers of the cases identified by Professor 
Gardner were merely being re-examined against a different set of controls. It was 
considered that more reliable findings would emerge from the Case-control Study, 
which would include additional cases, more comprehensive radiation dose data, a 
study of the potential exposure to other substances and an enhanced statistical 


analysis. 


From the Case-control Study, the main conclusion is that there was a clear distinction 
between the risk of leukaemia and NHL for the children of Sellafield workers resident 
in Seascale when the child was born, compared with those resident elsewhere. The 
rate of leukaemia and NHL was about 14 times the national average for the Seascale 
children born to Sellafield fathers, and about twice the national average for the 


children of Sellafield fathers resident in locations other than Seascale. 


Thirteen out of the sixteen leukaemia and NHL case children were born to fathers who 
started work at Sellafield before 1965, whilst only 3 were born to fathers who started 
work at Sellafield after that date. The excess in these illnesses is almost entirely 
concentrated in children whose fathers started work in the period from 1950 to 1964, 
with the observed to expected ratios being 10/2.25 for lymphatic leukaemia and NHL, 


and 13/3.56 when considering all leukaemias and NHL. If there was a workplace- 
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related cause contributing to the observed incidence, the indications are that since 


about the middle 1960s, it has either ceased or has very substantially reduced. 


The association of all leukaemias and NHL, (and more specifically lymphatic 
leukaemia and NHL) with cumulative pre-conception external radiation dose to the 
fathers identified in the main Case-control Study is weak. The estimates are 
associated with wide confidence intervals and are strongly influenced by the Seascale 
cases. Consequently it is concluded that there is only fragile evidence that cumulative 
pre-conception external radiation dose alone is linked to an increased risk of 
leukaemia and NHL among young people. The present study also considered other 
forms of cancer, ie those other than leukaemia and NHL, and identified 16 cases: 
there was no association between these other forms of cancer and the father’s 


exposure to radiation. 


In considering the immediate pre-conception external radiation dose, and the 
possibility of a direct effect on the father’s sperm, the important period is the 12-weeks 
prior to conception. It is concluded that for the study population as a whole, there is 
no statistical significance for any of the cancer types when examined against the 
radiation dose received during this 12 week pre-conception period, or any other of the 
variables studied. This finding contrasts with Professor Gardner’s observation of an 
association between paternal external penetrating radiation doses in the six months 


prior to conception and leukaemia and NHL. 


An important finding in considering potential mechanisms for inducing these illnesses 
is the absence of an effect on other cancers. Had excesses of other cancers been 
found, showing the same pattern of associations as seen for the leukaemias and NHL, 
this would have provided strong evidence for a hereditable effect of the type 
hypothesised by Professor Gardner. No such pattern was seen and the fathers of cases 
of other cancers actually had lower than average paternal pre-conception radiation 
doses. This implies that any genetic mechanism involving radiation that might be 
postulated for the excess of leukaemia and NHL in children born in Seascale would 


have to be specific for these, and conceivably a limited range of other cancers. 


For the Seascale cases, there is a strong association with fathers’ cumulative pre- 
conception radiation dose, and a weaker association in the 12-week period before 
conception. Because these observations are linked with residence as stated on the 
children’s birth certificates, and thus with the assumed early residence of the children 
in Seascale, it is possible that they can be explained by a combination of causes, 
including paternal radiation exposure prior to conception and population mixing. In 
this respect the observation of a high degree of population mixing in Seascale may be 


important. 





149 


150 


152 


iss 





For the other factors examined in the Case-control Study, it is concluded that fathers’ 
assessed pre-conception internal radiation doses, potential neutron and alpha exposures, 
exposure to chemicals of various kinds and involvement in radiological incidents do not 
seem to have been important, though the latter factor did show some statistical 


association for the Seascale cases. 


Three factors which did produce significant associations, independently of external 
radiation and residence in Seascale, were potential exposure to tritium, potential 
exposure to trichloroethylene and employment in the Calder part of the site. In these 
cases the associations are strong, but for potential exposure to tritium and 
trichloroethylene, the associations are largely based on non-numerical data and the same 
cases are involved in both associations. Thus the two relationships cannot be separated. 
As far as tritium is concerned, we understand that the employers at the time were aware 
of the hazards and carried out monitoring both of the workplace and of individuals. 
Also, there is no suggestion in the Canadian study that pre-conception tritium exposure 
was associated with childhood leukaemia. Independent evidence of a paternally 
mediated risk from trichloroethylene is weak. We conclude, therefore, that both these 


associations should be treated with caution. 


The association found for Calder is difficult to explain. There is some overlap of cases in 
that 2 of the Seascale case fathers worked in the Calder part of the plant. However, the 
cumulative pre-conception radiation doses received by the Calder case fathers were not 
unusual relative to their controls. Neither can the Calder association be explained by 
exposure to tritium. In conclusion, no convincing explanation for this association can be 


found. 


No single factor so far advanced seems capable of explaining all the features of these 
cases. It seems difficult to deny some role for population mixing, even if the precise way 
this operates is still unclear, (and the present data suggests that its effect bears equally 
on the native and incoming populations). Population mixing alone, would not explain the 
strong correlation within Seascale between father’s cumulative pre-conception radiation 
dose and leukaemia/NHL in his children. On the other hand, evidence has recently been 
published®, showing that for cases diagnosed while resident in Seascale, there is an excess 


even if all cases whose fathers had known pre-conception radiation doses are excluded. 


The main interest of the Health and Safety Executive in having this work carried out has 
been to determine whether there is any evidence from a study of the Sellafield workforce 
to suggest that further preventative action is required to protect the health and safety of 
radiation workers in general and those at Sellafield in particular. It is concluded that the 


evidence obtained from the work suggests that none is necessary other than that already 


taken. 
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GLOSSARY OF TERMS AND ABBREVIATIONS 


Absorbed Dose: 


ABA: 


AECB: 


Alpha-in-air: 


Beta-in-air: 


Biological Monitoring: 


BNFL: 


Case-control study: 


CIDI: 


Classified worker: 


Classified person: 


COM: 


The fundamental dose quantity. It is the energy absorbed per 


unit mass of material. 


See UKAEA. 


Atomic Energy Control Board of Canada. 


A term used when referring to air borne contamination by 
radioactive materials (such as plutonium or uranium) which 


emit alpha radiation. 


A term used when referring to airborne contamination by 
ratioactive materials (such as strontium-90, caesium-137 and 
other fission products) which emit beta, and in some cases, 


gamma radiation. 


The measurement of radioactivity in urine and faecal samples 
as a means of estimating znternal radiation dose from 


radioactive material taken into the body. 


British Nuclear Fuels plc. 


A type of epidemiological study in which the occurrence of 
possible explanatory factors for a disease is compared between 
those with the disease ("cases") and a representative sample 


of non-cases ("controls") from the same population. 


Central Index of Dose Information. The HSE’s national 
database of occupations] exposure to radiation. It is operated 


on an agency basis by NRPB. 

See classified person. 

A person designated as such by his employer under JRR8&5 
Regulation 9. Employees who are likely to receive doses in 
excess of 3/10 of any relevant dose limit set out in IRR 85 are 


required to be so designated. 


Committee on Mutagenicity. 





Confidence interval: 


COMARE: 


Comnmnitted Effective Dose: 


Conception date: 


Contamination: 


Continuous variable: 


COSHH: 


Date of conception: 


Dose: 


Effective dose: 


* 


A 95% confidence interval is a range of values that has a 95% 
chance of containing the true value; it provides an indication 


of the precision of the estimated odds ratio. 


Committee on the Medical Aspects of Radiation in the 


Environment. 


The dose to individual organs when radioactive material is 
taken into the body is seldom uniform and is spread over 
time. The sum of the doses to individual organs, suitably 
weighted to allow for the radiosensitivity of each organ and 


integrated over time is the committed effective dose. 
See Date of conception. 


Radioactive material in particulate, gaseous or liquid form 


present in places where it should not be. 


Data (variable) with a potentially infinite number of possible 


values along a continuum (eg height, weight).* 
Control of Substances Hazardous to Health. 


Estimated for this study to be 266 days before the date of 
birth. 


See Radiation Dose. 


A quantity derived from equivalent dose to represent the 
combination of doses to different organs and tissues in a way 
which is likely to correlate well with the total of the stochastic 
effects. It is the sum of the weighted equivalent doses in all 
tissues and organs of the body, where the weighting represents 
the relative contribution of the ocean or tissue to the total 
detriment due to the stochastic effects resulting from uniform 


whole body irradiation. 


These terms are as defined in Last J M. A Dictionary of Epidemiology, Oxford University Press, 


1988 or are modified from definitions in that volume. 





Environmental monitoring: 


Equivalent dose: 


External Radiation Dose: 


Factor: 


Film badge: 


HSE: 


IARC: 


ICD: 


ICRP: 


Interaction: 


Internal Radiation Dose: 


The measurement of radioactivity (in air samples mainly) to 
give confidence that radiation and contamination conditions 


in working and other areas are satisfactory. 


The absorbed dose averaged over a tissue or organ and 
weighted by a factor depending on the type and energy of the 


radiation. 


Dose which is received by an individual as a result of exposure 


to sources of radiation from outside the body. 
A variable the values of which fall into or have been allocated 
to discrete categories (eg place of residence, date of birth in 


5 year periods). 


One of the devices used for estimating external radiation 


dose. It consists of a photographic film in a holder and is 


normally worn on the front of the body. Processing of the film 
allows estimation of the dose received by the wearer. 

Health and Safety Executive. 

International Agency for Research on Cancer. 

International Classification of Diseases. 


International Commission on Radiological Protection. 


Difference in the effects of one or more explanatory variables 


according to the level of the remaining explanatory variables* 


Dose which is received by an individual as a result of 


radioactive material inside the body. 


These terms are as defined in Last J M. A Dictionary of Epidemiology, Oxford University Press, 


1988 or are modified from definitions in that volume. 





Migration index: 


Millisievert: 


mSv: 


Neighbouring dose: 


NHL: 


NHSCR: 


NII: 


Notional dose: 


NRPB: 


NSD: 


Observed/Expected ratio: 


OCCR: 


Odds ratio: 





In this study, the ratio of the number of children of non- 
Cumbrian born fathers to the number of children of 


Cumbrian born fathers. 
A unit of equivalent dose and effective dose (= 0.001Sv). 
Millisievert. 


A concept used in the development of ‘rules’ which allowed 
values and variants to be entered into the HSE database of 
external radiation dose information when dose record 
information was uncertain or absent. It refers to recorded 


doses for the periods surrounding the period in question. 
Non-Hodgkin’s Lymphoma. 

National Health Service Central Register. 

HM Nuclear Installations Inspectorate. Part of NSD. 

A value entered into a dose record for a period when a film 
badge or other personal dose measuring device has been 
damaged or lost and where investigation has not produced an 
estimate of a likely dose. It is normally a pro rata figure 
based on the appropriate annual dose limit. 

National Radiological Protection Board. 

Nuclear Safety Division of HSE. 

Ratio of the number of cases of disease observed in a study 
population to the number expected had the risk of disease in 
that population been the same as in the general population. 
Abbreviated to O/E ratio. | 


Oxford Childhood Cancer Registry. 


The ratio of the odds that a case will occur in one group 
compared to another. In this study the odds ratio is a 


measure of relative risk. 


O/E: 


OPCS: 


OR: 


p - value: 


Paternally mediated: 


PBE: 


Radiation Worker: 


Radiation Dose: 


Relative Risk: 


Replacement film badge: 


Risk: 


Routine film badge: 


See Observed/Expected ratio. 


Office of Population Census and Surveys. 


See Odds ratio. 


Probability (of a given result being produced by chance). 


In this study, a possible effect on a child of an occupational 
exposure occuring indirectly through the father is described as 


paternally mediated. 


pre-birth exposure. 


A person working with radioactive materials. Often used to 


mean classified person. 


A general term, often shortened to ‘dose’, for a measure of 
exposure to ionising radiation. In this report unless otherwise 
stated, the term Radiation Dose refers to the pre-conception 


External Radiation Dose. 


The ratio of the probabilities that a case will occur in one 


group compared to another. 


A film badge issued and worn when a routine film badge has 
been lost or damaged or which has been withdrawn for 
processing because an abnormal dose to the wearer is 


suspected. 


The probability that an event will occur (eg that a case will 


appear within a defined population group)* 


A film badge issued to be worn on the front of the body and 


used as the basis of statutory dose measurements. 


= These terms are as defined in Last J M. A Dictionary of Epidemiology, Oxford University Press, 


1988 or are modified from definitions in that volume. 





Sievert: 


Special film badge: 


Statistically significant: 


Stochastic effects: 


Strongly Penetrating 


Radiation: 


Study population: 


Sv: 


Thermo-luminescent dose 


meter: 


THSD: 


TLD: 





- A unit of equivalent dose and effective dose. 


A film badge issued and worn when (perhaps because of non- 
uniform radiation fields) it is believed that a routine film 
badge alone will not give an acceptable measurement of dose 


to the wearer. 


Shown by statistical testing to be unlikely to have arisen by 
chance. An arbitrary probability (usually 0.05 by convention) 
is chosen to indicate the likelihood that the study finding, or a 


more extreme finding, will not have occurred by chance. 


Those radiation effects (such as cancer induction) where it is 
the probability of the effect occurring which depends on the 


dose, rather than the severity of the effect. 


A term defined by the International Commission on Radiation 
Units and Measurements in ICRU Report 39(1985). For the 
present report it can be taken to mean radiation which is 
sufficiently energetic that, if incident on the body, will 


irradiate deep organs, including male and female gonads. 


All the subjects included in the study. In this investigation the 


study population is all the cases and controls. 


Sievert. 


One of the devices (there are several designs) used for 
estimating dose. Energy stored in the material by exposure to 
ionising radiation can be released as light when the material is 
heated in a “reader”. The amount of light emitted is a 


measure of the dose received by the wearer. 
Technical and Health Sciences Division of HSE. 


Thermo-luminescent dosemeter or dosimetry. 


Translation sheets: 


Tritium: 


UKAEA: 


Variable: 


Whole body dose: 


Variate: 


The documents containing the results of the work to convert 
information from the BNFL dose records into a form suitable 


for entering into the HSE database of external radiation dose. 


A radioactive isotope of hydrogen. It emits low energy beta 


radiation and has a radioactive half-life of 12.3 years. 


United Kingdom Atomic Energy Authority. 


A quantity that varies. Any attribute, phenomenon or event 


that can have different values.* 


A term used to represent dose from approximately uniform 
irradiation of an individual, and to distinguish it from dose to 
particular body organs and tissues. In this report, depending 
on the context, the term “whole body dose” means the 
effective dose from external radiation or the sum of the 
effective dose from external radiation and the committed 


effective dose from intakes of radioactive material. 


In this study, variate is synonymous with continuous variable. 


: These terms are as defined in Last J M. A Dictionary of Epidemiology, Oxford University Press, 


1988 or are modified from definitions in that volume. 
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APPENDIX 1 


Case-control study - identification of cases and controls 


Stage 1: Identification of “candidate” Case and Control children 


1 The source population from which the candidate case and control children were 
drawn, and therefore for whom fathers were to be sought, consisted of all children 
born and therefore entered in the birth registers covering the present geographical 
areas of Allerdale and Copeland in West Cumbria between 1 January 1950 and 
30 September 1989. Although cases were sought among births registered up to 31 
May 1990, the quarter from July to September 1989 was the last for which draft 
entries on microfiche were available at the time of the extraction of the control series. 
No candidate cases were in fact identified amongst the registrations from October 
1989 to May 1990, so the observation period for the study was taken as January 1950 
to September 1989. 


2 A search was made on the National Health Service Central Register (NHSCR) for all 
deaths and cancer registrations recorded against this cohort of births. The main part 
of this search was completed in July/August 1991 with checks in some of the small 
closed registers continuing through to January 1992. Copies of the draft death 
registration entries and details of cancer registrations (available from 1971 up to 1986, 
with some, but not all, recorded for 1987 at the date of search) were supplied by the 
Office of Population Censuses and Surveys (OPCS) and the General Register Offices 
in Scotland and Northern Ireland where appropriate. 2057 deaths, 176 cancer 
registrations and 78 with both a death certificate and cancer registration were notified 
in total. A count of numbers emigrated was also supplied: there were 1103 in all, for 
whom no death or cancer registrations would be available. 351 children had been 
adopted: although death and cancer notifications were obtained for this group, the 
candidate cases identified were not included in the study as no original birth 


registration details could be supplied. 


3 The certificates were reviewed by two members of Team Al independently, and all 
cancers occurring in children and young people up to the age of 25 were noted. Any 
cancer mentioned on the death certificate as the underlying or associated cause of 
death was included. Copies of draft birth registrations were obtained for this group 
from OPCS. After exclusion of adoptees (there were 2), this group was accepted as the 
set of candidate cases, 203 in all. Independent confirmation of cancer type or of cause 
of death was obtained from the appropriate cancer registry for successfully matched 


cases at a later date (see paragrgraphs 41 - 46 of this Appendix). 
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The candidate control children were identified as a randomly seeded systematic 
sample of births drawn from the same birth registers, covering the same time period 
as the case children. These were identified at OPCS by entry number in the registry 
books. A 2% sample was estimated to be sufficient to yield about 150 matched control 
fathers; this number of controls was considered adequate to optimise the statistical 


power of the study at reasonable cost. 


The nominal 2% sample consisted of all entry numbers ending in a 53 or 63 for 
registrations after March 1969, which were supplied by OPCS as photocopies of the 
single sheet microfiche entries. For the earlier period where 5 registrations in general 
appeared per sheet, sheets containing an entry number ending in 53 were extracted. 
The first and last entries on each of these sheets, usually (but not always) ending in a 


51 or 55, were actually used to make up the 2% sample. 


An additional nominal 15% sample, consisting of registrations with an entry number 
ending in the digits 11 to 25 and with a mention of Seascale anywhere on the entry 
was also obtained. This sample was drawn from the same registers, covering the same 
observation period as the 2% sample extraction. From this sample, births to families 


resident in Seascale parish were identified. 


Information from the birth registration photocopies was entered onto computer files. 
Data was keyed through a double entry system for validation purposes, and a further 


thorough check was made of all fields entered against the photocopied originals. 


A nominal 2% systematic sample had also been drawn at the outset from the birth 
registries in Carlisle and Barrow-in-Furness. One quarter of these (604) were 
submitted for matching, resulting in a single successful identification of a father 
employed at Sellafield (of a child registered in Barrow). This control father was 
excluded from the study, as no attempt had been made to identify candidate cases 
from these two registration districts in the light of the very low success rate of the 


matching of birth certificate fathers from these more distant registries. 


After exclusion of duplicates and entries with incomplete information, a total of 4025 
candidate controls were available for matching from the 2% sample series (including 
one duplicate of a case, and two re-registrations of pre-1950 births). 2389 of these 
were from the Barrow and Carlisle registries. 174 additional registrations were 


available from the Seascale 15% ‘boost’ sample (one again a case duplicate). 


Registrations cancelled due to adoption were excluded from the candidate control 
series. There had been a total of 14 adoptions amongst the 2% sample extraction from 


the Allerdale and Copeland area registries. Where a cancelled birth registration had 


Table 1 


Birth registrations available for matching by registration district and address 


CANDIDATE CASE CHILDREN CANDIDATE CONTROL CHILDREN 

Main series Seascale boost 
(2%) (15%) 

Address Seascale Other Seascale Other 

Birth 

Registration 

District 

Whitehaven 8 96 8 1007 170* 

Millom (0) 8 (@) 23 0 

Cockermouth 0 68 (0) 541 4 

Wigton 0 23 O 57 0 

Total Allerdale 8 195 8 1628 174 

& Copeland 

Barrow & as - (0) 2389 - 

Carlisle 

ey These figures each include one duplicate of a case 


2 ss 
been replaced by an updated copy of the original entry under the same entry number, 
it was retained in the sample with the revised details (for example change of name). 
Some re-registrations using the original NHS number allocated, but forming part of 
our 2% sample due to their location in the register pages, were also included. 
Cancellations in our 2% sample series, subsequently re-registered under a different 
entry number, were excluded. No cancelled registrations were found in the 15% 


Seascale boost control series. 


11 Table 1 shows the numbers of birth registrations for the candidate case and control 


children, which were available for matching, by registration district and address. 


Checks on completeness of the candidate Control series 
12 Extensive checks were made on the completeness of the 2% Control series. Missing 


sample entries in entry number runs, missing books as represented by NHS codes 
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which had been allocated to the various birth registries, and missing birth sub- 
registration districts where these had ceased to exist before the end of the study period 
were identified and the missing registrations were obtained. Lists of sub-registries and 
books which had been a source for the control series and for potential cases were 
cross-checked with one another to ensure that all had been searched for both 


candidate cases and controls. 


As a further check, numbers in the 2% main series and 15% Seascale boost control 
groups were compared to numbers of births counted to mothers resident in the 
Allerdale and Copeland areas and in Seascale for the relevant period. These numbers 
would not be expected to be exactly the same, since births are registered in the area in 
which the birth takes place, while the published birth statistics are based on the 
mother’s residence. The main point of this comparison was to see if there was any 
evidence of sampling variation over time. The number of registrations in the 2% 
candidate control series was about 20% less than the number of births to mothers 
resident in the area, consistently for all time periods. There was no overall deficit of 
births in the 15% Seascale boost (see Table 2), but the data shows an upward trend in 
the proportion sampled from about 12% in the 1950s to about 18% in 1975-83 (the 
comparison for 1984-89, 21%, is based on a different data source from the earlier 


years, and may differ for other reasons). 


Four sources of ‘leakage’ or loss of births could be identified which were due to the 


choice of birth registries as a source of births to Sellafield fathers and to sample 


selection within these registries'. These were: 


(a) a family resident in the Allerdale and Copeland area but the birth registered 
elsewhere; 

(b) registrations missed in the OPCS search; 

(c) choice of entry number for the systematic samples, with short, and early 


closure of, registration books; 
(d) cancellation of registrations, particularly due to adoption. 


There was a clear pattern suggesting a consistent proportion of births to residents 
being registered outside the study area in all periods, mostly from the Wigton and 
Millom registration districts, presumably to the Carlisle and Barrow registries 
respectively because of the siting of the relevant maternity hospitals. However, all but 
one of the registrations successfully matched to a Sellafield father were from the inner 


area registries, namely Whitehaven and Cockermouth, for which this leakage factor 


Table 2 


Seascale boost 


CANDIDATE CONTROLS: 





Sampled 

Year of birth Seascale birth 15% As proportion of 15% submitted 4% matched 

cohort of total Seascale births 
1950 - 54 176 19 0.720 7 3 
1955 - 59 182 25 0.916 6 6 
1960 - 64 222 39 174 10 6 
1965 - 69 169 23 0.907 6 5 
1970 - 74 140 15 0.714 4 4 
1975 - 79 89 16 1.199 5 5 
1980 - 84 104 20 1.282 5 4 
1980 - 89* 78 A 1.453 4 3 
Total 1160 174 1.000 47 36 
¥ Seascale "birth cohort" of Gardiner et al BMJ 3/10/87, additional years from 'Newcastle data' 
Main series 

Allerdale & Copeland 2% As proportion of 2% submitted 1.75% matched 
Year of birth _ birth cohort of total Seascale births 

1 1 

1950 - 54 14180 234 0.825 202 y (2 
1955 - 59 14593 231 0.791 204 18 
1960 - 64 15409 253 0.821 218 24 
1965 - 69 13906 223 0.798 194 15 
1970 - 74 11757 199 0.838 174 17 
1975-79 9775 159 0.803 142 15 
1980 - 84 10525 182 0.850 163 19 
1980 - 89* 9859 154 0.781 iow 25 
eee Seis ee oh eee a Cee ee 
Total 99999 1636 0.814 1435 145 


a estimated to September 1989 
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was of no importance. Seascale births were also not affected. The loss of births due 
to missed registrations and to adoptions was also negligible. Although assessed on the 
basis of the candidate control data, all these factors would affect case and control 
births equally. The comparisons did not therefore indicate that adjustments to any of 
the sampling fractions would be necessary for different years or areas covered in the 
study. The early closure of registration books could also operate in either direction on 
the real sampling fractions, assuming that the point of closure would occur at random, 


and therefore this factor was not adjusted for either. 


However, the choice of entry number did have an effect on the nominal sampling 
fractions for Seascale births, leading to a need to adjust the probabilities of selection of 
these candidate control children in the study. Where a registration book contained 
only 250, instead of the usual 500 or 1000 entries, the choice of entry number for the 
2% sample (51,53,55 or 63) would result in the sampling fraction being 1.6% for these 
short books, and for the 15% sample (11-25) 18%. Nearly half (44%) of the Seascale 
births were registered in the Egremont, then Ennerdale sub-registries whilst these 
operated; they closed on 30 September 1957 and 31 March 1974 respectively. 
Thirteen of 14 books covering the period from 1950 to closure in these registries 
contained 250 entries, the 14th contained 500, representing a 1.65% nominal sampling 
fraction for these registries for the main series (17.6% for the Seascale boost) and 
therefore a true sample fraction (ignoring the effects of cancellations and adoptions) 
for the period up to 31 March 1974 of 1.85% for the main series and 16.14% for the 
Seascale boost. The sampling fractions for Seascale births up to 1 April 1974 were 
adjusted accordingly and are given in Table 4 of the main report. Full details of the 
calculation of the selection probabilities is given elsewhere’. The effect of short books 
on the sampling fractions for non-Seascale residents in the main sample series was 


negligible, and no adjustment to selection probabilities was therefore necessary. 


Stage 2: Matching to the Sellafield workforce files 
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The following details were extracted from the birth registrations for use in matching 


to the Sellafield workforce file: 

(a) child’s date of birth; 
child’s forenames; 
child’s surname (available after March 1969 only); 
child’s sex; 


(b) father’s forenames and surname; 


(c) father’s place of birth (available after March 1969 only); 
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(d) father’s job; 


(e) mother’s forenames; 

(f) mother’s surname; 

(g) mother’s maiden name; 

(h) Mother’s address (available after March 1969), or informant’s address and 


relationship to child (available up to March 1969). 


The above details for the candidate case and control children were supplied 
electronically in a series of mixed batches to Team A2, for the second stage of the case 
and control identification process. No indication of status as a case or control was 
given in the batches. Controls and cases were allocated an identifying code and 
sequential number as they became available for batching. They were then allocated to 
the batches in a randomly seeded systematic fashion, so that each batch contained 
sufficient numbers and birth date spread of controls and cases to obscure the 
identities of both. It was also possible to identify which of four original notional 
batches the control and case candidates would have been allocated to had all 
registrations been available at the outset of the matching procedure, by the sequential 
numbering system. In this way it was possible to restrict the matching process for an 
identifiable subset of the registrations submitted for matching when new rules were 
applied (see paragraphs 23 and 25 of this Appendix), while ensuring that all such 
subsets formed a sample representative of and based on similar selection methodology 


as the original birth register extractions. 


The fathers’ and other details from the birth registrations were matched to Sellafield 
employees on the computerised databases maintained by the BNFL and AEA 
personnel departments. These records contain the employment details of over 20 000 
workers employed by BNFL, AEA and UKAEA Constabulary. They do not however 
cover workers employed by outside contractors, who were therefore excluded from the 
study. If a potential match or matches was identified on one of these databases, ie a 
man between the ages of 16 and 65 at the time of the child’s birth with the correct 
surname and at least one matching forename, the man’s paper personnel records 
would also be consulted. Should the man have transferred to another site this would 
also be noted at this stage. A match was considered to be successful if the sum of the 
scores awarded for each matching criterion (father’s name, wife’s details, address, job 
information) exceeded a pre-determined threshold, which had been fixed (at 12) so 
that the theoretical chance? of a single mistaken match occurring (over the entire 


matching process) would be limited to the order of 1 in about 6 000. 
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The scores for father’s surname and mother’s maiden name were based on the 
relative frequency of occurrence of those names in the local telephone directory. 
Forename and initial scores were based on national frequencies. Scores for an exact 
match on job were based on national frequencies of occurrence of occupations (at 
chapter level of the Standard Occupational Classification), with an additional score 
awarded for mention on the birth registration of Sellafield employment. Scores were 
also allocated for an exact or close match on mother’s (or pre-April 1969, father’s) 
address. Items (a), (b) and (c) listed in paragraph 16 were not scored in the matching 


process. 


Cognisance was also taken of any contradictory evidence against a match. Evidence 
which might suggest a family relationship other than as father of the child would also 
be an indication of mismatch, in spite of a high score. For example, a brother or 
grandfather of the birth certificate child sharing a common family name and a 
common address would present a situation where the independence assumption used 


in the probability calculation for determining the cut-off score would not be valid. 


The match scores were concentrated above and below a band defined by the scores of 
8 and 12, with very few falling within this band. All potential matches with scores 
from 8 to 12 were re-assessed anonymously by an independent arbitrator. Three 


additional scorable criteria were as a result added to the above list. These were: 


(a) For a mention of Sellafield work on the birth registration, plus a contemporary 
job record matching that on the birth certificate and no other potential matches 


in the database - include in matched set; 


(b) For a ‘spread’ of at least two independent scorable items in addition to name - 


score additional 0.5; 


(c) For a close similarity of job descriptions from different time periods - score 


additional 0.5; 


One Gardner case scored 10.8 after taking account of all the above criteria. However 
in the original study by Gardner, fathers’ dates of birth had been known, and were 
used to identify which case fathers had worked at Sellafield. Because of this, it had 
been decided (before any matching had been attempted) that an additional score of 
four* should be counted for each of the 11 Gardner cases. The case was therefore 


retained in the study. 


Based on there being approximately 10* possible birth dates in the 40-year span covered by the 
study 


Table 3 


Birth registrations submitted for matching by year of child’s birth 


———— eS 





CANDIDATE CASE CHILDREN CANDIDATE CONTROL CHILDREN 
Main series Seascale 
(2%) Barrow/Carlisle boost (4%) 


Allerdale/Copeland 


(1.75%) 
Address Seascale Other Seascale Other 
Year of birth 
Pre 1950* (0) 0 (@) 1 re) 0 
1950 - 54 2 40 1 201 74 7 
1955 - 59 2 34 2 202' 75 6 
1960 - 64 1 52 6) 218 81 10! 
1965 - 69 1 24 2 192 79 6 
1970 - 74 1 26 1 173 88 4 
1975-79 (@) AS (0) 142 58 5 
1980 - 84 1 5 it 162 78 5 
1985 - 892 0 1 1 136 a 4 
Total 8 195 8 1427 604 47 


1 


Includes one control who was also a case 
up to September 1989 
Re-registered after 1950 
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The original target for control numbers was 150, of which 30 should be Seascale 
residents. The 2% sampling fraction for the main control series was determined 
before the matching process started on the basis of the proportion of Sellafield 
workers among the controls in Professor Gardner’s study. The additional sampling 
for Seascale residents was determined after the first 0.5% of the main control series 
had been matched. After 4/15 of the additional Seascale controls, and ’/s of the main 
control series had been matched, both these targets had been reached (41 Seascale 
controls and 141 other controls). It was therefore decided that it was unnecessary to 
match the final 7/s of the main control series or the remaining additional Seascale 


controls. 
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It will be noted from Table 3 that the numbers of candidate case children fall from 
1965 onwards. After this date the length of follow-up during which a child could 
become a case, a maximum of 25 years, was shortened, so progressively reducing the 


pool of candidate case children born in these years. 


As explained in the main report, case fathers whose children were born before the 
father’s date of start at Sellafield, but diagnosed of their cancer after that date, were 
included in the study in order to contribute to the assessment of the possible effect of 
post-conception factors. The corresponding control fathers (fathers with a child aged 
under 25 on the father’s Sellafield start date), were under-sampled in relation to other 
controls in the ratio 1:4. This was done by including all matched control fathers in the 
first two of the 0.25% batches, and in subsequent batches excluding control fathers 
whose date of start post-dated the relevant child’s date of birth. Since the allocation 
of the control series to batches was done randomly, this control sub-group is a 1 in 4 
sample of such control fathers in the full 2% sample amongst the additional Seascale 


controls. 


In Table 4 of the main report are summarised the final sampling fractions achieved 
for the different population groups in the study. The probability of selection of. each 


candidate matched for the study is derived directly from these sampling fractions. 


Thirty-nine candidate cases and 182 controls, including 36 from the supplementary 
Seascale boost (one also a case) and one from the Barrow-in-Furness registry, were 
successfully matched to fathers who had at some time been employed on the Sellafield 
site. Table 4 in this Appendix shows the numbers successfully matched, by time 
period of the child’s birth, address (Seascale or otherwise) and pre-birth exposure 
(PBE) status. 


As noted earlier, separate probabilities of selection (sampling fractions) were 
applicable to those resident in Seascale or elsewhere, and to fathers who had worked 
on the Sellafield site before their child’s birth as opposed to those who had not. In 
Tables 4 and 5, residence in Seascale implies a father of a child whose birth 
registration indicated a home address within Seascale parish, whether that registration 
came from the 2% or 15% boost control series or from the candidate cases. This 
classification and that of PBE status in tables 4 and 5 determines the allocation of 
selection probabilities to the study subjects. Those fathers classified as having no pre- 
birth exposure have been allocated to this category according to the decision made at 
the time of first matching of the birth registration to the workforce computerised 
database. At this time potential matches to candidate registrations were not followed 
up (whatever score was achieved) if the potential match father had a date of start 


after the child’s birth and the registration was not part of the pre-defined subset of 


Table 4 


Birth registrations successfully matched by year of child’s birth, address and pre-exposure status 








CASE CHILDREN CONTROL CHILDREN 
Address Seascale resident' Other Seascale resident' Other 
Pre- birth 
Exposure Yes No Yes No Yes No Yes No 
Rule applied? 
Year of child’s birth 
1950 - 54 1 0 = 2 (1) 3 0 10 2 
1955 - 59 2 0 2 0 8 0 14 2 
1960 - 64 1 0 8 3 6° (5) 0 21 3 
1965 - 69 1 0 2 1 7 (6) 0) 9 4 
1970 - 74 1 (0) 2 (1) 2 (0) 4 0 11 6 
1975-79 (0) (0) 1 P(e) 5 (@) he 3 
1980 - 84 1 O 1 1 (0) 4 6) 19 0 
1985 - 89+ 0 ) 1 (0) 0 45 0) 24° (23) 1 
Total 7 0 21(19) 11(6) #1 (30) 06 00 120 (119) 21 


Resident within Seascale parish according to mother’s/father’s address on birth certificate 

See paragraph 28 

Includes one control also a case 

. Up to September 1989 

Includes two siblings matched to one father 

s Includes one control from the Barrow registry, subsequently excluded from the study 

() Numbers in parentheses are those retained in the study after exclusion of rejected cases and 
controls, and of the control who was also a case. 


candidates to whom this restriction was not to be applied. A father’s date of starting 
work could be revised subsequently however, in the light of additional information, so 
that it might become apparent for example that a no PBE father had indeed worked 
on the site before the birth (or vice versa). His probability of selection for the study, 
however, was determined by the decision made at the outset of the matching process, 
so no re-allocation to the other category is appropriate for the calculation of the 


selection probabilities. 





Table 5 
Birth registrations successfully matched by Registration District, address and pre-birth exposure status 


se 


CASE CHILDREN CONTROL CHILDREN 
Address Seascale resident' Other Seascale resident' Other 
Pre- birth? 
Exposure Yes No Yes No Yes No Yes No 
Rule applied? 
Birth registration 
district 
Whitehaven ia 0 19 (17) 10 (6) 41°(39) 0 aks) 17 
Millom 0) O 0 (0) (0) 0 1 (@) 
Cockermouth 0) 0 2 a (0). 0 0 5 4 
Wigton 0 fe) fe) 0) fe) fe) 0 
Total: Allerdale & 7 0 21(19) = 11 (6) 41(39) 0 119 21 
Copeland 
Barrow & Carlisle . > = - (0) 1 O 


Residence within Seascale parish according to mother’s/father’s address on birth certificate 


N 


See paragraph 28 
Includes one control also a case, and two siblings matched to one father 
() Numbers in parenthesis are those retained in the study after exclusion of rejected cases and 


controls, and of the control who was also a case. 





29 In Table 5 are the numbers of candidate case and control birth registrations which 
were successfully matched to Sellafield fathers, by birth registration district and 


address. 


30 Seven cases which had been successfully matched were subsequently excluded from 
the study. Three of the fathers were found not to have been employed on the 
Sellafield site prior to their child’s date of diagnosis of cancer. The other four were 


found on confirmation of diagnosis not to have had a malignancy. 


J 
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All the matched control children were successfully traced on the NHSCR. Five were 
found to have died before the age of 25 (no cancers), of which one, who died very 
shortly after birth was excluded entirely from all further analyses. Dates of death of 
the others were noted. Two candidate control births were of siblings, matched 
successfully to one Sellafield father. One candidate birth which was successfully 
matched had been selected as a control in the Seascale boost but was also a case. 
Two successfully matched control fathers and one case father had worked on site for 


just two, three and five days respectively. These were retained in the study. 


Checks on the representativeness of the matched controls 
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Numbers matched by date of child’s birth and by father’s start and leaving dates and 
staff category (staff or industrial) were monitored during the matching process. No 
major deficits in any of the strata were apparent. A further comparison was made of 
matched numbers from the main series 2% control sample against numbers of births 
which might have been expected amongst this workforce. Expected births for the 
study observation period were estimated from national (England and Wales) birth 
rates, for births with father recorded on the birth registration and adjusted for the 
slight excess of births in the Northern region, applied to various subsets of the total of 
men employed at any time on the Sellafield site up to 1991. Expected numbers of 


births were calculated separately for the periods before, during and after employment. 


Best matching rates were achieved for fathers employed at the time of the birth of the 
child to whose registration they were to be matched. For these men, numbers 
successfully matched represented 70% of the expected numbers, based on the 1.75% 
sample of local births which were submitted for matching. For fathers starting at 
Sellafield only after the birth of their child, 40% were matched (based on 0.5% of local 
births submitted for matching), while only 12% were matched for births to fathers who 
had left their employment at Sellafield. The main explanation of these last two rather 
poor rates of matching is likely to be that many of these (expected) births will have 
occurred outside the Allerdale and Copeland districts and therefore would not have 
been available for matching in this study. In addition, even when the child was born 
in the area, matching information - wife’s names, address at child’s birth and 
occupation at that time, would also be less likely to match to the BNFL records when 


the father was not an employee at the time. 


An explanation for the 30% deficit of births to fathers during their employment can be 
sought in the quality of the BNFL/AEA personnel records among different groups. 
Matching rates were less good for fathers who had left Sellafield employment before 


1970, than for those leaving after this date or those still employed. 
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Various categories of missing data in the BNFL personnel records could be identified 
which would be responsible for this early period deficit. A very few (4 out of the 136 
candidate case and control children, mostly from births registered in the early period 
of the study, who had a mention of Sellafield work on the birth certificate - 3%) had no 
potential match on the BNFL or AEA computerised databases. This suggests that 
only a very small loss of potential matches in this early period was due to 


incompleteness of the computerised records - the first step in the matching process. 


A higher proportion of potential matches with early leaving dates had missing paper 
archive records - about 28% of the pre-1960 leavers, or nearly seven times as many as 
those with later dates of leaving or the still employed, had no archive personnel 


records at Sellafield or at other sites operated by BNFL or AEA. 


Partly as a result of the absence of paper personnel records, a higher proportion of the 
early (especially pre-1960) leavers had missing data items from their records, which 
would have been used for matching. To alleviate this problem, other record sources 
in other archives (including AEA) and at other nuclear sites to which records had been 
transferred were also searched for information on potential matches, and a number of 
those with missing paper archive records were in fact successfully matched. All 
available employment and radiation exposure history was included in the subject’s 


dossier. 


However it was not possible to adjust the candidate control mix to overcome the 
deficit of pre-1970 leavers which remained. Some consideration was given to 
increasing the numbers of control fathers who had left the workforce at an early date. 
This could have been accomplished by submitting additional candidate control births 
from all time periods and registries for matching, subject to a restriction that only 
potential matches among pre-1970 leavers would be included in the study. However 
the distribution of matched cases across leaver categories was similar to that of 
controls, as would be expected, and as no such enrichment of the matched set of cases 


was possible, the enrichment of the controls was considered inappropriate. 


It was also the case that significantly higher matching rates were achieved for 
industrial than for staff worker categories, and for radiation than for non-radiation 
workers (defined as ever or never a radiation worker respectively). However there 
were few (only 6 matched) non-radiation workers included in this analysis. The 
availability of matching information in the personnel records was not better for 
industrial than for staff employees. Radiation dose records were available for the 
radiation workers, but matching information obtainable from this source was not 


scored in the matching process. 
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As the matching was done blind to case/control status, the factors mentioned above 
which led to differential matching rates among the workforce, ie timing of the child’s 
birth with respect to a father’s dates of starting and leaving employment, status as a 
staff or industrial employee, and as ever a radiation worker or otherwise, would apply 
equally to the matching of cases and of controls. A fuller description of the results of 


the analysis of matched versus expected birth numbers is given elsewhere’. 


Confirmation of case diagnosis 
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For the 39 successfully matched cases, and for 1 case that was expected to be 
matched, but for which the required information could not be found, independent 
confirmation of the date and nature of the diagnosis was sought. For each case, the 


following identifying details were assembled: 


(a) name; 

(b) date of birth; 

(c) place of birth; 

(d) NHS number; 

(e) diagnosis; 

(f) anniversary date; 


(g) date of death, if relevant. 


A list with this information was submitted to the Oxford Childhood Cancer Registry 


(OCCR) with a request for an indication whether the cases were held on that register. 


Detailed information, site and type codes for each relevant edition of the International 
Classification of Diseases (ICD)* was provided by the OCCR for those cases 
confirmed. Of the 40, a total of 19 were identified on the register. Of these, however, 
3 were recorded as non-neoplastic. One of these 3 had been diagnosed as 
myelofibrosis, which is not considered to be neoplastic in the 9th revision of the ICD 


and was rejected on that basis. 


A list comprising those cases for whom the OCCR could give no help was then 
submitted to Professor Craft at Newcastle, with the same request for advice. Of the 
21 cases submitted, information was available on 13, and again, site and type codes 
were supplied. One case of anaemia had been included in the case list on the basis 
that this may have been secondary to leukaemic disease not specifically recorded, but 


there was no evidence to confirm the original suspicion. 


At this stage, 7 cases remained with no confirmation. These were all cases which had 
been diagnosed outside the NHS Northern Region and in all of whom the diagnosis 
had been made at or over the age of 16 years (16, 19, 20, 22 and 24 x 3). From the 
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cancer registration form, the register which held the original information on each case 
was identified and approached to seek confirmation that the data on the OPCS 


registration form was accurate. Data was held on the following registries: 


(a) North Western 2 
(b) Mersey 2 
(c) Thames 1 
(d) Oxford 1 
(e) South Western 1 


For all these cases the individual registers confirmed that the corresponding data was 
held by them. For the two cases on the Mersey register, minor differences in the 
anniversary dates were noted which were related to the definition used. For one case 
on the North Western Registry, further confirmation of the diagnosis was considered 


necessary. This was obtained through the records officer at the treating hospital. 


For the case registered with the Thames Registry there was an apparent conflict of 
diagnosis between the cancer registration form, the death certificate and the 
information from the registry. This was resolved by discussion with the registry staff 


and contact with the consultant concerned. 


Once this process of confirmation was complete, the total list of 40 potential cases was 
reviewed. At this point, it was determined that 3 of the cases had been diagnosed 
prior to the father’s start of work at Sellafield, and that in one case, a sufficient 
matching score had not been obtained (it had been thought that information from 
personnel records at another nuclear site would confirm matching). The number of 
cases matched and confirmed was thus reduced to 32 with cases dropping out for the 


following reasons: 


(a) diagnosis not malignant tumour 4 (3+1) 
(a) diagnosis before father’s employment 3 
(a) matching not achieved 1 


The process is summarised in Table 6. 


The diagnostic classification of the cases of leukaemia, non-Hodgkin’s lymphoma and 
other cancers and their allocation to the categories for epidemiological analysis 


recommended by a COMARE working group, and used in this study, are shown in 
Table 7. 


Table 6 


Summary of confirmation process for case diagnosis 


ee 


TOTAL POTENTIAL CASES 
40 


Identified on Oxford Childhood Cancer Register 


YES NO 
19 21 


Identified on Newcastle Register 


Not neoplastic Confirmed No Yes 
3 16 8 173 


(all confirmed) 


Sent to other anaemia case assumed 
cancer registries not to be secondary to 
leukaemia 
7 1 


(all confirmed) 








Total confirmed diagnoses, 36 
of which - not matched 1 

= diagnosed before father’s Sellafield employment 5) 
Total included in study 32 
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Table 7 


Grouping of cancer types using classification recommended by COMARE working group 


Group Diagnosis Number of cases 
A Acute lymphatic leukaemia 9 
Non-Hodgkin's lymphoma 3 
B Acute myeloid leukaemia 2 
Chronic myeloid leukaemia 2 
Cc Hodgkin’s disease 3 
D Astrocytoma 4 
E Wilm’s tumour 2 
Ewing’s sarcoma 2 
Malignant melanoma 1 
Clear cell sarcoma il 
Malignant histiocytosis 1 
Carcinoma of breast 1 
Cervical intra-epithelial neoplasia 1 


When the leukaemias and non-Hodgkin’s lymphomas are considered by age of diagnosis, those 


diagnosed over age 15 years comprise: 


Acute lymphatic leukaemia 1 
Non-Hodgkin’s lymphoma 2 
Chronic myeloid leukaemia 2 


a eee 
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APPENDIX 2 


Data extraction 


Information collection and dossier production 


1 Access to information held by BNFL and AEA relating to employment history was 
provided at the Sellafield site in a way which ensured that no member of the 
employers’ staff became aware of the names of the subjects. For each of the 211 
fathers who formed part of the investigation, a series of information dossiers was 


prepared. The dossiers contained the following information: 


Y External dosimetry details of external radiation doses assigned by the 
employer from each film badge or thermo-luminescent 


dosemeter (TLD). 


¥ Internal dosimetry data from personal air samplers and from biological 
monitoring 
V Personnel these were used to establish the types of work, the 


buildings and dates concerned. 


V Incident involvement in incidents or abnormalities on the site 


which might have had affected people. 


V Contamination information was provided by BNFL and AEA on people 


treated at the Medical Centre for contamination. 


2 For each of these categories of information, two photo-copies were made and the 
original was returned to the employer. On one of the photo-copies, all identifying 
features were obliterated and this was then re-copied to produce an anonymised 
version. The anonymised version was incorporated in the dossiers used in the study. 
The non-anonymised version was held under strict security as confidential to Team A2 


to assist in resolving any queries. 


3 To ensure that good document control was exercised, a number of quality assurance 
procedures were prepared and audits carried out of the working methods. This 
approach ensured that the actual documents used were appropriate and consistent for 
each case. The final information dossiers were re-checked to ensure anonymity before 


transfer to Team B. 





External radiation doses 


4 





The remit of Team B was to select relevant information from anonymised copies of 
the original external dose records (provided by Team A2) to convert the dose data 
into modern dosimetry units, and to transfer the converted dose information 
to Team D statisticians in a suitable form for input to their computer. The team was 
required to operate within a procedure designed to preserve appropriate standards of 
security and confidentiality and to ensure that its members did not know the 
identities of the individuals concerned nor whether they were Cases or Controls. 
Some preliminary work was done to establish the extent and difficulty of the task and 
to ensure that the team understood the conventions used in the past for recording 
doses on the site. To this end, relevant scientific papers on dosimetry were sought 
and studied and discussions were held with the Approved Dosimetry Service used by 
BNEL Sellafield, to gain historical information on dose monitoring and record 
keeping on the site. An examination was undertaken of copies of a few external dose 
records provided by Team A2 to determine the quality and quantity of information 
likely to be available, and the difficulties likely to be met in interpreting and analysing 


the data. 


It was established that the film badge was the main device used at Sellafield for 
demonstrating compliance with dose limits and had evolved from a crude unscreened 
dental X-ray film (in the early 1950’s) incapable of discriminating between radiation 
of different types and energies, through a simple badge where half of the film was 
screened with lead, to the multifilter badge currently used. This has good radiation 


type and energy discrimination features. 


Nowadays radiation is characterised as either “weakly penetrating” or “strongly 
penetrating”, a concept reflected in current arrangements for personal dose 
monitoring and in the terminology used. X-, gamma, neutron, and high energy beta 
radiation are normally considered as components of the latter group which irradiates 


deep organs including male and female gonads. 


There was only a limited amount of neutron dose information in the records. Indeed, 
there seem to have been no measurements of personal neutron dose prior to 1960, 
although some measurements were taken on plants to determine whether neutrons 
posed a significant problem with respect to worker exposure. At one stage, personal 
neutron doses were estimated by applying neutron to gamma dose rate ratios from 
instrument measurements, to gamma doses measured with film badges. Although 
neutron dose records were not as comprehensive as those for X- and gamma 
radiation, Team B decided to include neutron doses in the extraction and translation 


work where they were available. 
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With regard to beta radiation, again the records were less comprehensive than those for 
X- and gamma radiation. Discussion with dosimetry staff at Sellafield, however, 
indicated that beta radiation was unlikely to make a significant contribution to the dose 
of interest so Team B decided that little would be lost by not including it. Only those 
recorded doses from X-, gamma, and neutron radiation therefore were extracted from 
the records and translated, and for the most part these were doses measured by the 
statutory film badges. However, the dose records were not perfect and at times 
technical judgement had to be applied to decide on the dose figures to use. These 
technical judgements were supported by decisions made by a panel of three health 


physicists. 


From the preliminary work it was clear that interpretation of the earlier external dose 
records would give problems. There would be the obvious difficulty of deciphering the 
numbers in the records, difficulties in determining which doses to include in the 
“strongly penetrating” group, determining which radiation dose units had been used and 
deciding which factors Team B should employ when converting the numbers to doses in 
milliSieverts. It was also clear that uncertainties from, for example, incorrect 
recording of results, the leaving of gaps, or the use of notional doses for lost and 
damaged films, would have a bearing on confidence limits in the statistical analysis. 
Guidance for the statisticians would have to be developed. It was evident too that the 
early dose records would be more difficult to translate than later ones, and that dossiers 
would differ in ways which would have implications for the translation work and 
resources. It was observed, for example, that some dossiers contained 20 years of dose 
records while in others there were only 3 to 4 years. It was clear that a pilot 
programme would be needed to properly identify the likely difficulties and for this 
purpose 5 typical dossiers covering size and temporal variations were selected, and 


considered in detail. 


The pilot programme confirmed the difficulties suggested by the preliminary work, 
allowed resource needs to be established and led the way to the development of 
technical and administrative arrangements and procedures for the dose data extraction 
and translation work of Team B. An important feature of the arrangements was the 
communications interface with Team A2 so that additional information relating to the 
copies of the dose records could be acquired without compromising the anonymity 
requirements. The pilot programme allowed the foundations to be built for a quality 
assurance system which would ensure that the dose records in the dossiers were worked 
upon in a controlled way, and the output properly checked. These QA arrangements 


were refined as the main translation work proceeded. 


The pilot programme also confirmed that Team D would need to be given clear 


indications of, and advice about, the uncertainties in the data’, established the Team D 
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preference for receiving translated information on a “badge-by-badge” basis, and 
allowed development of the pro forma for the “translation sheets” by means of which 
the dose data and the other information would be passed to Team D. It also allowed a 
start to be made on the setting of criteria for converting recorded doses (some of which 


were in units as imprecise as “fractions of a weekly tolerance dose”) into modern units. 


The main data extraction and translation work was performed “badge-by-badge” in 
two stages. The first stage dealt with the two years immediately prior to the end of the 
year of conception, and the second stage with the remainder of the period before then. 
Team A2 provided, for each dossier of dose records, information on the year in which 


conception occurred. 


Some 40 000 dose record entries were extracted, translated and recorded during this 
part of the work. Reference 2 describes in detail how Team B carried out its work and 
highlights the uncertainties, the shortcomings and other points of interest related to the 


data. 


To indicate to the HSE statisticians where there was potential for uncertainty in the 
dose values, additional to the inherent measurement errors, Team B "annotated" the 
information provided to Team D and during the statistical analysis provided 
supplementary advice on dealing with the annotated entries eg gaps and notional 
doses. A data review group was formed with health physicist representation from 
Team B and statistician representation from Team D to consider the issues and to 


decide on the numbers which should be entered into the database. 


The outcome of the discussions within this group was the development of a set of 
"imputation rules" which allowed Team D to enter numbers into its database where 
neither the dose record nor the judgements of the panel referred to in paragraph 8 
could provide dose values. Most of the rules use the concept of neighbouring dose 
where the numbers entered into the database are based on the dose record information 
for the periods shortly before, or shortly after, the period of interest. Compromises 
were made between using information relating to the periods closest in time to the 


period of interest, and casting the net wider. 


The algorithmic definition adopted was that for a piece of dose information to be 
included in the neighbouring dose calculation, it must relate to a period between 5 and 
31 days in length, and which had a start date within 180 days of the start or end of the 
period of interest. Furthermore, in deriving the neighbouring dose, the pieces of dose 
information were taken in order (starting with that nearest to the period of interest) 
from the immediately preceding period, until at least 3 pieces of dose information had 


been found with a total coverage of at least 3 times the duration of the period of 


Table 1 


Derivation of variant values when there was no information from special film badges for the period 


CATEGORY 
Recorded 
dose Low Central High 
Short (<30 days) unexplained gap 0 O 0 O 
Long unexplained gap O 0 individual review 
Notional dose entries ND 0 min (N, ND) max (N, ND) 
Estimated entries 
zero 0 0 0) N 
non-zero xX min (N, X) xX max (N, X) 
Lost/damaged badges 
up to 1958 0 0 N max (N, ND) 
X(>0) min (N, X) x max (N, X) 
after 1958 O 0 0 N 
X(>0) min (N, X) X max (N, X) 
Zero dose replaced badges withno 0O O O R 
explanation 
Blank entries 0 0 0 N 
Notation 
Xx The X-gamma dose in the Team B translation of the original dose record 
N The "neighbouring" dose 
ND Notional dose - 4.2 mSv/month or 1 mSv/week 
R Number calculated by applying the dose rate indicated by the replacement badge to the period 


from the date of issue of the replaced badge to the date of issue of the replacement 





interest. A similar procedure was applied for the period following the period of 
interest, and the number to be entered into the database was derived by applying to 
the period of interest the average dose rate over the selected neighbouring periods, 


taking account of the length of the period of interest. 


17 The application of the rules to each relevant entry in the dose record, eg where there 
were gaps or where notional doses had been entered, gave 3 numbers - a low, a high 
and a central value. The central value was the one used in the principal analyses, the 
low and high variants being used in sensitivity studies. Table 1 shows how the 
neighbouring dose concept, and other information, was used to generate the variant 


values. 





Table 2 


Derivation of variant values in cases where special film badges were worn in the period 








CATEGORY Variant values used in analysis 
Recorded 
dose Low Central High 
Short (<30 days) unexplained gap O = P max (P, N) 
Notional dose entries ND - max (P, min) max 
(N, ND) (P, N, ND) 
Estimated entries 
zero O i P max (P, N) 
non-zero X BE A max (N, A) 


Lost/damaged badges 


up to 1958 0 P max (P,N) max 
X(>0) E A (P, N, ND) 
max (N, A) 
after 1958 0 P EB max (P, N) 
X(>0) P A max (N, A) 
Zero dose replaced badges withno 0 P = max (P, R) 
explanation 
Blank entries O Ee > max (P, N) 
Notation 
X The X-gamma dose in the Team B translation of the original dose record 
N The "neighbouring" dose 
A Value adjusted for overlapping special badge entries 
= The "parallel" dose - the total dose from special badges overlapping with the routine film badge 


ND Notional dose - 4.2 mSv/month or 1 mSv/week 
R Number calculated by applying the dose rate indicated by the replacement badge to the period 


from the date of issue of the replaced badge to the date of issue of the replacement 


GEER ESS NRL RS A SS SS 


18 The data review group referred to in paragraph 14 considered that where the dose 
records contained information from additional film badges for the period in question, 
a slightly different rule should be used. Table 2 indicates how the central and variant 


values were derived in these cases. 


19 The particular features of the dose record output from Team B which led to the need 


to generate the variant values are set out together with the imputation rule as follows: 





Short (less than 30 days) unexplained gaps 

The meaning of unexplained in this context is that the documents produced by 
Team B contained no explanation for the missing data. The low and central values 
were taken to be zero and the high value was taken to be the neighbouring dose as 


described in paragraph 16. 


Long unexplained gaps 

Again the meaning of wnexplained in this context is that the documents produced by 
Team B contained no explanation for the missing data. An individual review was 
made of the personnel and dose records for the period surrounding the gap. On the 


basis of this, one of three decisions was taken by the data review group: 


(a) there was probably no dose received during the period, so zero should be 


entered on the database for the central value and for the high and low variants; 


(a) it was reasonably plausible that there could have been no dose received during 


the period, and the rule applying to short gaps should be applied, or 


(c) it was unlikely that no dose had been received, so the central value should be 
taken to be the neighbouring dose and the low and high variants should be 
derived separately from the dose rates in the 6 months before and the 6 months 


after the gap. 


Two special cases did not fit these general rules. In one, for the period following the 
gap, there were a few very large recorded doses. The central value for this instance 
was taken as the neighbouring dose calculated with the high values removed, the low 
variant was zero and the high variant was the nezghbouring dose including the high 
doses. In the second case there was strong evidence, from detailed descriptions of the 
work undertaken, to support the view that the neighbouring dose was a good basis for 
the database numbers covering the period of the gap. The neighbouring dose was 


entered on the database for the central value and the high and low variants. 


Notional doses (see Glossary) 

The central value was taken as the smaller of the neighbouring dose and the notional 
dose. Almost always this was the neighbouring dose, and reflects the site practice of 
overestimating where there was doubt, since the purpose of personal dose monitoring 
was to demonstrate compliance with dose limits. The low variant was taken as zero 


and the high variant as the larger of the notional and neighbouring doses. 








Estimated record entries 

For other entries in the dose record where the dose had been estimated, the low 
variant was taken as the smaller of the neighbouring dose and the recorded dose 
estimate, the central value was taken as the recorded dose estimate and the high 


variant as the larger of the neighbouring dose and the recorded dose estimate. 


Entries relating to lost/damaged film badges 

These were treated differently according to date. It was known from the preliminary 
work of Team B that up to 1958, zero was generally entered on to the dose record in 
such cases. Where the dose record prior to 1958 showed a zero dose for a 
lost/damaged film badge, the central value was taken as the nezghbouring dose, the 
low variant as zero and the high variant as the larger of the neighbouring dose and the 
pro rata notional dose. All other dose entries relating to lost/damaged film badges 


were treated in the same way as for estimated record entries. 


Zero entries (where replacement film badges had been issued) 

In a number of instances where a routine film badge had been replaced, the dose for 
the period prior to the replacement had been recorded as zero. In the absence of 
explanation in the documents produced by Team B, the low variant and central value 
were taken as zero in such instances: a high variant was calculated by applying the 
dose rate for the replacement film badge to the period from the date of issue of the 


original film badge to the date of issue of the replacement. 


Biank entries (ie where there were only one or two 
consecutive missing entries) Hy; 
These were treated in the same way as the short unexplained gap, the low variant and 
central values being taken as zero and the high variant as the nezghbouring dose. 
However, where some special film badges had been worn during a period where there 
was a gap in the routine film badge record, the values taken were not less than the 


doses recorded by the special badges (see Table 2). 


Overlapping entries 

When special film badges had been worn during a period, the recorded doses were 
sometimes different from those measured by the routine film badge for the same 
period. The data review group discussed at great length the reasons for this and 


decided to adopt imputation rules based on: 
(a) the recorded dose on the routine issue badge (X); 


(b) the duration of the routine badge (D); 
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(c) the total overlap period for all special issue badges (n); 


(d) the total dose recorded on all special issue badges (P - the “parallel dose’”’). 


The calculation depends on the relationship of these four quantities as illustrated in 
Figure 1. Where the period covered by special badges was short in relation to the 
routine issue badge, and where the dose on the special issue badge was substantially 
less than that recorded on the routine issue badge (this situation corresponds to point 
“a” on the figure), no adjustment was made. Where the period covered by the special 
badge or badges was short, but the dose recorded by them was greater than that 
recorded by the routine badge (“b” on the figure) then it was decided to use the sum 
of the P and X. Where the total period covered by special badge or badges was the 


same as that covered by the routine badge (“c” on the figure), it was decided to use 


the larger of P and X. There were relatively few instances of this type. 


Somewhat arbitrarily, it was decided to extend the application of the adjustments 
described above to the shaded areas shown on the figure and to make a linear 
interpolation for badge combinations whose parameters fell in the unshaded area of 


the figure. 


Figure 2 illustrates the effect of these adjustments on all total pre-conception doses in 
the study. In this figure the adjusted dose totals are plotted against the dose totals 
that would be reached by simply adding up the whole body doses from the Team B 
translation of the original records. The figure also indicates the area in which the 
adjusted dose total lies within 20% of the dose as recorded. The adjustments produced 
no major changes in the dose ranking. No subjects change dose category on a 
grouping with cut-points at 50 and 100 mSv. The 4 subjects with the largest absolute 
change are marked by a letter on the figure: the dose estimates for subjects A, B and 
C are raised because they wore large numbers of special badges; subject D because 
there were three long gaps in his dose record totalling 5.3 years, and a value of 53 mSv 


was imputed for these missing periods. 


Figure 3 shows a similar plot for doses received in the 12 weeks prior to conception. 
Here the relative changes in dose estimate are greater, and 4 subjects change dose 
category (with cut-points at 5 and 10 mSv). The reasons for the largest absolute 
changes are as follows: subject A had a two-week routine film badge which recorded 
7.26 mSv, and in 2 days in the same period wore 2 special badges which recorded a 
total dose of 9.68 mSv. For subject B there was a similar situation with a single 
special badge recording 9.22 mSv. Subject C had a 9 day gap in his routine dose 
record during which he wore a special badge which recorded a dose of 3.6 mSv. 


Subject D had a 6 month gap in his dose record, but other available information 





Figure 1 
Diagram showing the circumstances in which the dose recorded on routine monitoring badges was 


modified because of high doses recorded on special issue badges worn during the same period (see text) 
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Figure 2 


Comparison of the adjusted and as-recorded external radiation dose totals for the complete pre- 


conception periods 
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Figure 3 


Comparison of the adjusted and as-recorded external radiation dose totals for the 12 weeks pre- 


conception periods 
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implied that his work in this period was similar to that in preceding and following 
periods. The 6 mSv is an imputed value. Subject E also had a 5 month gap partly 
overlapping with the 12 pre-conception weeks, leading to an imputed 0.27 mSv 
contribution to his 12 week pre-conception dose. For subject F the dose record 
included a two-week notional dose of 2 mSv, so his adjusted dose is lower than that 


recorded in the dose records. 


Internal radiation doses 
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In his study Professor Gardner considered only the external component of radiation 
dose. However workers in the nuclear industry, particularly Sellafield, can receive 
additional dose from radioactive material taken into the body. Team A2 was given 
access to BNFL and AEA records which contained biological monitoring information. 
From this information it was possible to calculate the internal dose received by the 


individuals for inclusion in the study. 


While BNFL and AEA have records of biological monitoring, and in some cases have 
assessed internal dose, until 1986 when the Ionising Radiations Regulations (1985) 
came into force, there was no legal requirement to undertake such assessments. 
Consequently, assessments of internal radiation doses were not available for most of 


the subjects in the study. 


Assessment of internal dose is not straightforward and is dependent on features 
associated with the metabolism in the human body of the radionuclide in question. 
The biological monitoring results have to be interpreted. The assessment of internal 
dose is based on the fraction of the radionuclide retained in each organ and the energy 
deposited. There are no simple straightforward formulae and assessments have to be 
case-specific and undertaken for each nuclide for which there is biological monitoring 
data. In view of the magnitude of the task and the need to obtain the best available 
independent assessment, the National Radiological Protection Board (NRPB) was 
asked to undertake internal dose assessments for all subjects with a record of an 


intake of radioactivity. 


Since Professor Gardner had suggested that possible mutation of the sperm before 
conception could be important, it was decided that the dose to the testes should be 
assessed: to a first approximation this corresponds to dose to the gonads. NRPB was 
consulted on this aspect and provided advice on the deposition of radionuclides in the 
testes, suggesting that the development time of the sperm was 64 days. Taking into 
account the objectives of the study and the range of radionuclides to be considered, it 


was agreed that the following assessments would be made. 


(a) integrated dose from the date of start of work to the date of conception; 
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(b) dose in the 64 days prior to conception; 
(c) dose in 365 days prior to conception; 


(d) dose in each calendar year from the start of work to the year before date of 


conception. 


The results of the assessments carried out by NRPB for each subject for whom there 
was any record of radioactive intake were provided to HSE. In addition NRPB 
prepared a full report of their work’ which also summarised the main findings for dose 
distribution within the study population. In general the main contributor was 


plutonium. 


In addition to the derivation of a numerical value of dose, work was undertaken to 
look at the range of uncertainties within the dose assessment. One particular aspect 
which was examined in some detail was variation in dose within the “sensitive” period 


prior to conception. 


In order to define this period during which developing sperm may be exposed to 
internal ionising radiation prior to conception, it is necessary to have an estimate of 
the time taken for the process of spermatogenesis in the body of the testes and for the 


transport, maturation and storage of sperm in the epididymis. 


Based on the work of other researchers,* **° the range for the period of interest varies 
from 71 days at one extreme to 99 days at the other. On the basis of advice from a 
reproductive physiologist, a period of 84 days was chosen as the best estimate of the 
average duration. This is in the mid-point of the range and is equivalent to a period 
of 10 weeks for spermatogenesis and 2 weeks for epididymal transit. There will be 
uncertainties involved in the use of any single figure, and for practical purposes there 
will be no significant difference between the 84 days which we have selected and that 


of 90 days used in another similar study. 


In view of the decision to use 84 days as the immediate pre-conception period of 
interest, the results for each of the study population were examined and the 64 day to 
365 day ratio determined. This analysis indicated that the variation in dose for 
periods between these limits could, in all but one subject, be assumed as linear. The 
subject in question had been exposed to tritium, and for him, NRPB recalculated the 
dose for the 84 days prior to conception. For all other subjects, the 64 day dose was 


extrapolated linearly to calculate the 84 day dose. 


Potential for exposure to chemicals 
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In addition to the main study of radiation doses to members of the workforce, HSE 
had also planned to undertake a study of chemicals in use on the site in the past. This 
was to see whether any of them might be related to the incidence of the observed 
cancers. This study covered both the BNFL and AEA areas of the Sellafield site. To 
undertake this work a separate team, Team C, was established: none of the members 


of this team had been involved in any other work associated with the studies. 


The first task was to compile a list of appropriate chemicals, where they had been 
used, and to devise a ranking scheme to classify different levels of potential exposure to 
each chemical. A job history for each of the anonymous subjects was supplied by 


Team A2. 


A starting point in identifying the chemicals was a list, provided in 1989 by BNFL to 
COMARE, of all chemicals present at Sellafield together with their International 
Agency for Research on Cancer (IARC) classifications. From this list were selected 
those substances with classifications 1, 2A, 2B and 3, ie ranging from “known 
carcinogen” to “suspect carcinogen”. This selection was reviewed by an HSE 


toxicologist who added a number of chemicals used on site which had been either; 


(a) identified as being worth further investigation by the members of Team A2 who 


had conducted the original Case-only Study; or 


(b) identified by THSD as meriting further examination. 


To be able to link a potential for exposure to chemicals to any individual in the study, 
the team needed to determine, as a function of time, between 1949 and 1991, the 
locations and methods of usage of each of the chemicals on the final list. Records 


which were searched in an attempt to build up this complex picture included: 


(a) site archives - these held some data relating to radioactivity levels, but there was 


little information of use to this study; 


(b) a manual of hazardous materials used at site, compiled in 1961, which gave 
some useful historical information about where various substances were used in 


the late 1950’s; 


(c) site incident database - by using as keywords the list of chemicals, approximately 
100 incident reports were extracted. These were used to supplement 
information on the location of chemicals, and they also provided some indication 


of the method of usage. 
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Records of the location of chemicals, and method statements of how they were handled 
and used, from the mid 1970’s to the present time were available. However the further 
back in time, the less data was available, other than those sources noted in the previous 
paragraph. Since its inception, the nuclear industry has monitored and recorded 
radiation doses and levels of radioactivity in working areas: in common with other 
industries, however, there has been little or no quantitative monitoring of the levels of 


chemicals in the working environment. 


This general lack of quantitative data on chemical exposures restricted the exposure 
classification scheme which was finally arrived at. In deriving the ranking system, 
assistance was provided by Mr B Pannett, a member of the MRC Epidemiology Unit at 
the University of Southampton, who has had extensive experience of conducting studies 
into exposure to substances in the environment. Since prediction or knowledge of 
absolute exposure levels was going to be impossible, the ranking system concentrated 


on patterns of exposure for groups of workers doing a similar range of jobs. 


A set of definitions was generated to enable job types to be ranked in probable exposure 


order. 
Code Description 
1 Unexposed 
Some potential exposure with: 
Pal up to '/, of such workers exposed; 
Zaz /, to */, of such workers exposed; 
Pe more than */, of such workers exposed 
3 All such workers exposed 
+ All such workers heavily exposed 
9 Exposure status unknown 


The codes were assigned taking into account exposure control measures, such as the 
use of local extract ventilation or respirators. 

It was decided that the most effective use of resources would be to identify each job 
type represented in the study and then to derive exposure rankings specific to that job. 
In addition to the original list of chemicals, it was decided to treat a number of other 
factors which were not readily quantifiable in the same manner. These were neutrons, 
alpha-in-air, tritium, polonium and beta/gamma-in-air. The objective was to include a 
judgement of exposure to these factors for which there was only sparse data in the 
records for the 1950s and 1960s. The overall list of chemicals and radiological factors is 


shown in Table 3. 


Table 3 


List of chemicals and other agents considered in the study 





CHEMICAL 


Aniline 

Anthracene 

Arsenic (and Compounds) 
Benzene 

Benzidine (and compounds) 
Beryllium (dust) 
Butex/di-n-butyl ether (used/degraded) 
Chromates/dichromates 
Formaldehyde/formalin 
Graphite dust 

Hydrazine 

Hydrofluoric acid (HF) 
Kerosene (used/degraded) 
Lead (dust/compounds) 
Mercury 

Phosphoric acids 

Picric acid 


Decontaminant type SDG3* 


CHEMICAL or AGENT 


Solvents: 

a (CHBr,), (tetrabromoethane) 
b. CH,CCI, (chloroform) 

c (CHCI,), (tetrachloroethane) 
d. (CH,Cl), 

e. CHCICCI, (trichloroethylene) 
f. CCL, (carbon tetrachloride) 


Sulphamic acid 

Thiophenyl - trifluoroacetone 
0-Toluidines 

Zinc and compounds 

Fast neutrons 

Other neutrons 

Alpha (Pu etc) in air 

Alpha (UV) in air 
Beta/gamma (only) in air 
Tritium 


Polonium 


SDG3 is a proprietary decontaminant based on a mixture of decontaminating agents and 
sequestrants. It is supplied as a dry powder which is dissolved in water for use. The main 
constituents are Sodium sulphate, Citric acid, a detergent, and EDTA (ethylene diamine tetra- 


acetic acid) 
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It was also necessary to identify the jobs undertaken on site by the individuals in the 
study. The amount of relevant information varied considerably from case to case. 
For some individuals it was relatively straightforward to identify jobs and timescales 
quite accurately. In the majority of cases, however, only a resume was available in 
which the only information on a job was a BNFL cost centre number. and an 
abbreviated (and often generic) job title. A copy of the BNFL/AEA report on cost 
centre numbers. between 1951 and 1991 was available which enabled the numbers to 
be de-coded. However a significant proportion of the numbers were found to be 


invalid codes for the time period specified. 


As the protocol precluded interviews with actual case or control fathers, the only 


effective way of progressing the study was through interviews with other BNFL/AEA 
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personnel and retirees, who were doing or had done similar jobs. Through their 


recollections it was possible to: 


(a) obtain positive confirmation of whether or not a particular chemical had been in 


use at that time; 


(b) determine the method and frequency of using/handling the chemical, and thus 
deduce the potential for exposure and the proportion of the worker group 


exposed at any one time; 
(c) explore the likely radiological environment/s pertaining at that time; and 


(d) clarify the unresolved cost centre numbers. by interpolation between confirmed 


jobs. 


To reduce the amount of data which had to be collected and processed, it was decided 
to limit consideration of chemical factors to employment prior to the date of birth of 


each case child. 


To set the study in motion, letters were sent to management and union representatives 


of both BNFL and UKAEA at Sellafield. These set out a number of reassurances: 


(a) none of NII personnel involved in this phase of the work was aware of the names 


of any of the cases or controls; 


(b) it was not the aim to criticise, or pass judgement on, working methods present or 
past, but rather to find out what potential there had been on site for exposure to 


certain chemicals and other factors; 


(c) neither was it the aim to focus on particular individuals; volunteers were sought 


from the various job groups through line management; 


(d) individuals who felt they had any knowledge of use to this study were invited to 


contact NII. 


In addition it was agreed that contacts with ex-employees would be made only through 


BNFL/AEA management. 


In some areas of the site where highly specialised or unique work took place, such as in 
some of the Research and Development laboratories, there was a strong likelihood that 


very few people had performed that task, even during a long period of time. Thus 
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during an interview with a representative jobholder, it was not possible to rule out the 
fact that the interviewee either knew or even was the case or control father. In order 
to cater for that eventuality, a cautionary statement was read out before undertaking 


an interview where such a discovery was deemed credible. 


This cautionary statement was as follows: 


“The objective of this part of HSE’s Post Gardner Study is the investigation of 
environmental factors in the workplace (eg potential exposure to chemicals) since 
operations began on the Sellafield site. We are gathering information by conducting 
informal interviews with a number of current and previous employees who have 
personal knowledge of past working practices. The people we are talking to have been 
selected because of their knowledge of work in particular areas of the plant, regardless 
of whether they are among the 200 or so individuals covered by the study. The 


interviews are voluntary and confidential. 


The HSE inspectors conducting the interview do not know the identity of the men 
included in the study. Nor do they know which individuals are “cases” and which are 
“controls”. You have been selected for interview because of your knowledge of past 


working practices, and for no other reason. 

During this interview it is possible that you may recognise someone in the study. You 
may even be that person yourself. If you do think you recognise someone, please do 
not reveal their identity to me or anyone else. 

We appreciate that for some people this may be a very personal and sensitive issue, 
and we do not wish to cause offence to any member of staff. We would welcome your 
assistance in the interview, but if you do not wish to participate please feel free to 
withdraw at any time.” 

For each case or control father, and for each of his separately identifiable periods on a 
job, an exposure profile sheet was completed on the basis of information obtained by 
interview. These were conducted at Sellafield during September and October 1992. 
The sheets were separately checked to identify: 

(a) any time-period gaps in the data; 


(b) any overlapping data which was inconsistent and needed resolution and; 


(c) any misinterpretation of the job histories supplied to the interviewers. 
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A series of meetings were held between Teams C and D to resolve such problems. 
This resulted in a more coherent and consistent ranking of all job types and exposure 
levels. No attempt was made, however, to quantify any of the exposure levels so 


ranked. 


Because of the lack of any direct measurement of individual neutron doses in the 
1950s, and because of doubts about the completeness and consistency of such 
measurements across individuals in later periods, it was decided to combine this 
information with job history information to produce a qualitative classification of an 


individuals’ job spells into one of 3 groups: 


(a) Group 1: no exposure to neutrons, or where the information from Team B 


showed that neutron dose was a very small percentage of the X + gamma dose; 


(b) Group 2: neutron exposure above group 1 levels, but below these where there 


was a potential for high neutron exposure; 
(c) Group 3: high potential neutron exposure. 


All individual job spells in the study were reviewed by a group drawn from Teams C 
and D, Team B providing some technical support for the group. The following 


information was considered: 
(a) the period covered by the spell; 
(b) the existence of recorded neutron monitoring for the individual during the spell; 


(c) the total X+gamma and neutron doses recorded during the spell, and their 


ratio; 
(d) the job codes assigned to the spell (see Table 5 in the main report); 
(e) the job title which the man held during this period. 


The potential neutron exposure coding was primarily determined by the job code. 
Spells with job code 16 (fuel plants) were coded as potentially highly exposed to 
neutrons, Group 3, with 11 exceptions where the job title suggested that neutron 
exposure potential was low. Job spells coded 7 (Windscale piles), 8 (Calder) or 18 
(AGR-Advanced Gas-cooled Reactor) were coded to Group 2, with some 18 exceptions 
based on job descriptions. All other spells were coded as unexposed to neutrons 


Group 1 above, with the following exceptions: 
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(a) for spells in the period from 1960, where the information received from Team B 
showed that neutron dose was more than 3% of the X + gamma whole body dose 
during the period of the spell, and the X + gamma whole body dose was more 


than 2 mSv; 


(b) for pre-1960 spells, where the job record (including annual staff reports where 
available), implied some neutron exposure potential. Four pre-1960 job spells fell 


into this category. 


This categorisation of job spells was converted into 2 variables measuring the extent of 
each subject’s potential neutron exposure; the variable NHI represented the number of 
days a subject had spent in job spells categorised as high potential neutron exposure. 
The variable NEUT represented the total number of days spent in job spells with any 


potential neutron exposure as described above. 


Six fathers had non-zero monitored tritium exposure before their child's conception. 
One of these (a non-lymphatic leukaemia case) had been assessed as unexposed to 
tritium. This case was excluded from analyses of assessed potential exposure to 
tritium (variables TRI1 and TRI2). Three other subjects (all controls) had positive 
tritium monitoring data, and had been assessed as unknown tritium exposure 
potential. Analyses of ever/never tritium exposed (variables TEN1 and TEN2) were 
based on a combination of the measured and assessed tritium variables, and includes 


all four of these subjects (1 case, 3 controls) 
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APPENDIX 3 


Statistical methods, definition of variables and detailed results 


Explanatory variables 


1 


Table Al lists all the potential explanatory variables available within the study. The 
following paragraphs set out the underlying definitions and explain how the variables 


were constructed. 


Demographic details 

SEAS - Seascale resident at birth: this variable was assessed from the mother’s (or, 
before April 1969 sometimes the father’s) address as reported on the child’s birth 
certificate. Having a Seascale resident family means that the address recorded on the 


birth certificate lay within the civil parish of Seascale. 


JOBC - Job Class: records whether the father’s occupation at the assumed conception 


date was industrial or non-industrial. 


PCE - (Pre Conception Exposure). In workforce before child’s conception: records 
whether the child’s father had started work at Sellafield before the conception date of 
the child (assumed to be 266 days before the date of birth). 


Factors related to child’s and father’s birthplace 

The distance of the child’s family residence at time of birth from the Sellafield plant 
was recorded by measuring distances from the centre of the Sellafield site to the birth 
residence. For this purpose birthplace was not identified to street level but to the next 
level up the postal address hierarchy. Thus all residence in, for example, Seascale or 
Cleator Moor, were assigned the same distance from the plant, measured to the 
centre of the place in question (as judged by eye) on the Ordnance Survey Map 


(1:50,000 scale). 


In order to examine the suggestion by Kinlen*'’, that population mixing can cause or 
promote the occurrence of childhood leukaemia, we recorded whether each father in 
the study was born in Cumbria or not (variable FBTH). This data was taken from 
birth certificates and from personnel records, and was available for all but 15 of the 


study subjects. 


This classification of fathers was also used to construct a measure of the level of 
“immigration” in different groups of study population fathers. For this purpose the 
population was divided into 11 groups: 5 of these groups were the 5 main 
concentrations of birth residences (each represented by more than 10 study subjects): 


Seascale, Egremont, Cleator Moor, Frizington and Whitehaven. The other 6 groups 
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are made up of subjects with birth residences outside those 5 centres, divided into 
distance bands with cut points at the distances defined by the 5 main places 
previously named (3, 7, 11, 13.5 and 15 km respectively). The index of migration 
levels (variable MIGR) in these 11 areas was computed by taking the ratio of births 


to non-Cumbrian born fathers to those to Cumbrian-born fathers within each area. 


The variables listed above do not depend on any choice of a relevant pre-conception 
period. All other variables in the study are time dependent in this sense, and have 
been evaluated either on the total pre-conception period, or in the 12 weeks prior to 


conception. 


Measured or assessed radiation dose 

XG - External Radiation (X- and Gamma): father’s external radiation exposure as 
recorded in the workplace records of film badge monitoring. The dose estimates 
used in this study were compiled by going back to the original film badge records. 


See Appendix 2 for further details. 


Variables HIDA and RMAX: were calculated from the film badge monitoring data 
to examine the possible effect of dose rate on the outcomes of interest. HIDA 
records the number of days covered by badges which recorded a dose rate of 
0.5 mSv/day or more. This dose rate represents the 97th percentile of the dose rate 
distribution for the totality of badges worn (pre-conception) by the study population 
fathers and is over three times the rate corresponding to the current statutory annual 
dose limit (50 mSv). While HIDA measures extended exposure to high dose rates, 
RMAX records the single highest dose rate (mSv/day) on any badge worn by each 


subject. 


NEUT and NHI - exposure to neutrons. Individual subjects’ work histories were split 
into spells during which their job and work area were unchanged. A categorisation of 
work areas and jobs was developed (see below), and work spells were coded 
according to this breakdown. Four work areas were regarded as potentially giving 
rise to significant neutron dose: the Fuel plants; the Windscale Piles; the Calder 
reactors; and the Advanced Gas-cooled Reactor (AGR). Of these, the highest 


neutron doses would be expected in association with Fuel plants. 


Taking account of this information, and of measured neutron exposure available on 
some individuals from the early 1960s, job spells were categorised as having none, 
some, or high potential neutron exposure. The variables NEUT and NHI, record the 
number of days spent by study subjects, in any job with potential neutron exposure 
(NEUT), or in a high potential neutron job (NHD. A fuller account of this coding is 
given in Appendix 2. 
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IT - total internal radiation. All available internal monitoring data for the study 
subjects were obtained and assessed by the National Radiological Protection Board 
(NRPB) (blind to case-control status), to calculate the internal dose to the gonads. 
Separate assessments were made for three pre-conception periods: total, one year 
and 64 days. Estimates for the 12 weeks prior to conception were made by 


interpolation (linear except for tritium). 


IA - internal radiation dose from alpha emitters: the NRPB assessments were made 
separately for each radionuclide monitored. IA is that part of the total internal 
radiation dose delivered by alpha emitting radionuclides. Since the majority of 
internal dose estimated from the monitoring data was due to plutonium, IA and IT 


are very close for most subjects. 


ITRI - internal radiation dose from tritium. 


Workplace exposures 
Coding of work histories 
A database was created to record abstracted details of subjects’ work histories. Five 


types of information were recorded. 


(a) A history of jobs held, with (as available) job titles, cost centres and building 
numbers; 
(b) Records of visits to the Medical Centre for decontamination after 


contamination incidents; 


(c) A record of absences from work - either annual leave or sick leave - for each 


leave year; 


(d) details of involvement in ‘incidents’ as recorded in the Sellafield incident 


database; and, 
(e) A record of any medical restrictions on work in active areas. 
This data was abstracted, keyed and then checked back against the original source to 
clear errors. The original dossiers were also reviewed a second time to ensure that all 
relevant information items had been abstracted. This data then formed the basis for 


two further exercises: 


(a) A coding of work histories into 33 broad categories (see parageaphs 18 and 19); 
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(b) An assessment of individuals’ exposure potential to a list of 35 exposure factors 


(paragraphs 20 to 22). 


Work area/job 

A categorisation of the main areas of the Sellafield site, and of the principal multi-area 
job functions was set up. The categories are listed in the final section of Table A-1. 
Individual job spells were coded to this categorisation. Wherever possible a unique 
work area code was assigned, but some work patterns imply presence in several areas, 
or the performance of certain general functions across most areas of the site. 
Depending on the kind of job, and the amount of detail available on the individual 


subject’s work history, several work area/job codes might be applied to any job history 


spell. 


When considered within the total pre-conception period, individuals were categorised 
according to whether more than 5% of their time (prior to the child’s conception), was 
in spells coded to the area/job in question (variables PJ1 - PJ33). Over the shorter 12 
week pre-conception period the variables JB1 to JB33 record the number of days 


(within the 12 week period) each subject was coded to the corresponding area/job. 


Chemical and other exposure factors 

Table A-1 also lists the chemicals and other exposure factors which were selected for 
assessment in the study. Appendix 2 gives the reasons for the choice of chemicals, 
and explains how these assessments were made. Potential exposure to these 35 


chosen substances was rated on a seven-point scale: 


1 - Unexposed 


Some potential exposure with: 


Zak Up to 1/3 of such workers exposed; 

22.0 = 1/3 to 2/3 of such workers exposed; 

Ao hie More than 2/3 of such workers exposed . 
3 - All such workers exposed 

+ - All such workers heavily exposed 

g - Exposure status unknown 


Each job history spell for each subject was separately scored according to this scheme. 
A cumulative exposure index was then computed by weighting the number of days 
with the “natural” weighting scheme: zero, 1/6, 1/2, 5/6, 1, 2 for categories 1 through 4 
respectively. If any relevant part of a worker’s history was scored 9 for some 
substance, then his exposure was regarded as unknown. Variables C1 to C35 record 
the weighted day¢ exposure for each subject. Variables C29 and C30, recording 


assessments of potential neutron exposure were not used directly, but combined with 


22 


23 


24 


the available neutron monitoring data as described in paragraphs 11 and 12 above. 
For beryllium (C6), tetrabromoethane (C19) and polonium (C35), no subject was given 
a positive assessment. The number of informative exposure factors based purely on 


assessed potential for exposure is thus reduced to 30. 


Extended assessment of potential tritium exposure 

In the original assessment of chemical and other exposure factors, job spells were 
coded to unknown unless the assessor was confident that potential exposure to the 
substance in question would or would not occur. The nature of the available 
information on job histories meant that a relatively high proportion of job spells were 
coded unknown. For tritium, a total of 85 subjects (8 cases) had at least one job spell 
for which the potential tritium exposure was unknown. Although this data provides 
the best basis for an assessment of the possible effects of tritium considered on its 
own, it presents difficulties for the analysis of joint or modified effects of tritium and 
other factors. After assessed tritium exposure was found to show a significant positive 
association, a further assessment was therefore made of those spells that had been 
coded as unknown potential tritium exposure, to identify any such spells for which 
tritium exposure - although not ruled out by the available information - was much 
more likely to be absent than present. The number of subjects with unknown tritium 
exposure potential was reduced to 35 (6 cases). This second assessment was, of 
course, made blind to case/control status. The variables TRI1 and TRI2 record the 


original and extended assessment of potential tritium exposure. 


Contamination incidents 

If a worker becomes contaminated with radioactive material, they should attend the 
Medical Centre for decontamination procedures. Records of these decontaminations 
are kept, and record the levels of contamination found on different parts of the body, 
the kind of radioactive material involved, and details of the decontamination process, 
including information on whether the man in question was discharged completely 


clear of residual contamination or not. 


The units in which these contamination levels were recorded were not always made 
explicit in the records. However, examination of the patterns of usage of the 
alternative units revealed a clear pattern: up to the end of 1958 39% of entries showed 
no units, and of those entries with units 94% used cpm (counts per minute); from 1959 
only 4% of entries had missing units, and of entries with units 87% used cps (counts 
per second). This strongly implied a change in record keeping practices introduced in 
1959, with cpm the standard unit up to that point and cps thereafter. We have 
therefore assumed that the units applicable to readings where the count unit is not 


explicitly stated are cpm up to the end of 1958, cps thereafter. 
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Information on these decontamination episodes for the study subjects was extracted 


and used to construct the following variables. 

NDCN - the number of decontaminations. 

NALP - the number of contaminations involving alpha emitters. 
NBEG - the number of contaminations not involving alpha emitters. 


HEAVY - the number of “heavy” contaminations. A “heavy” contamination was 
defined as one for which the maximum activity count was more than 500 cps. This 
cut-off is arbitrary, and merely serves to divide the contamination incidents into a 
heavier and not so heavy group. The cut-off was determined by examining the data 


for a natural break point. This was done blind to case-control status. 


CLEA - the number of incidents where the man was discharged with some residual 
contamination. Such incidents are rare: only 16 of the 323 recorded 
decontaminations in the study fell into this category. All but 3 of these occurred in the 


1950s. None of them was associated with the Windscale fire. 


Contaminating jobs 

Workers will only visit the Medical Centre for decontamination when they know or 
suspect they have become contaminated, and although there are numerous safeguards 
to prevent a contaminated individual from leaving the site, some contaminations may 
go unnoticed. To assess whether men who have worked in jobs where contamination 
was most likely were more likely to father a leukaemic child, the frequency of 
contaminating incidents recorded in different job types was calculated and three 
categories of job were distinguished (see Table A-2). From this job categorisation two 


variables were computed: 


CON1 - The number of days in a job in the highest contamination potential 


group; 


CON2 - The number of days in the top or middle group of potentially 


contaminating jobs. 


Windscale fire 

FIRE - records whether an individual was noted in the Sellafield incident database (or 
elsewhere in available records), as having been directly involved in the Windscale fire 
or the ensuing cléan-up operations. The variable IN57 records simply whether the 


individual was in the workforce on the date of the fire - 10/10/1957. 
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Grouping of cancer types 
A COMARE working group proposed the following classification for childhood cancer 


cases for use in studies relating to the issue of radiation and childhood cancers. 


- Lymphatic leukaemia and non-Hodgkin’s lymphoma 
- Other leukaemias 
Hodgkin’s disease 


- Brain and spinal tumours 


moo ~ 


- Other cancers 


Professor Gardner’s West Cumbria case-control study covered cases in groups A and 
B combined. The numbers of cases in the present study broken down by the full 
categorisation above are 12, 4, 3, 4 and 9 respectively. In the results reported here 
three case groups have been used: group A of the above categorisation (sometimes 
abbreviated in what follows to LLNH); the combined groups A and B (abbreviated 
LNHL); and all other cancers (OCAN). 


Statistical methods 
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Pre-conception variables 

Analytical methods appropriate for study groups selected with different sampling 
fractions for chosen sub-groups have been described by Weinberg and Wacholder 
(The design and analysis of case-control studies with biased sampling. 1990, 
Biometrics 46, 963-75). Essentially, the method involves defining an additional 
variable which takes a value for each study subject which reflects the (relative) 
probability of their selection into the study group. This variable is then included a 
priori into all statistical modelling of the data. An adjustment of this kind is 
described as an “offset”. The analysis of this data also needs to take account of the 
varying length of follow-up of individuals covered by the study. For example, a child 
born in 1950 will have had a full 25 years potential follow up, while one born in 1980 
will have had around 10. A further complication is that for the period up to 1970 
cancer registrations were not recorded on the NHS Central Register (which was the 
source for case ascertainment). Thus the probability of becoming a case is higher for 
those subjects whose follow up includes time after 1970 than for those with earlier 
follow up. These differences can be adjusted for in a similar way to the differences in 
selection probabilities, by defining a second offset reflecting, for each subject, the 
probability of their becoming a case (as defined for this study) during their period of 
follow up. These probabilities were calculated using national cancer death rates for 
the periods 1950 to 1970 and 1988 to 1990, and national cancer registration rates for 
the period 1971 to 1987. (When the NHS Central Register was searched to ascertain 
the cases for this study, cancer registrations for years later than 1987 had not been 


recorded). Follow-up for subjects whose fathers did not start work at Sellafield until 
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after their (the child’s) date of conception, is only counted from their father’s start 


date. 


Although the details of the way the study population was selected are somewhat 
complicated, the basic structure is simple. The study population consists of all cases 
plus a known proportion of controls from the population of interest subject to two 


constraints: 


(a) For cases the case details had to appear on the NHS Central Register; and, 


(b) For cases and controls, there had to be sufficient detail in the surviving and 
locatable personnel records for fathers to be securely matched to the candidate 


subject children. 


The study can be pictured either as a case-control study, or as a cohort study. The 
method of analysis used for all pre-conception variables was unconditional logistic 


regression. The GLIM computer package was used for this. 


Accuracy of p-values 

The p-values and parameter estimate standard errors calculated by the GLIM 
program depend on distributional assumptions which may not be accurate for very 
sparse data. In order to assess the extent to which the statistical measures produced 
on this data might be inaccurate we tested the accuracy of the GLIM assumptions by 
generating 1,000 replicate datasets for each of the main variables of interest, and 
compared the distribution of the 1,000 GLIM p-values produced with the distribution 


these p-values would take if the GLIM assumptions were correct. 


The detail of these comparisons is given in the Technical Note at the end of this 
Appendix. The general outcome was that p-values for positive associations calculated 


on standard assumptions are not materially biased. 


Expected case numbers 

Since the control series for this study is sampled from the, population of Sellafield- 
fathered children (subject to constraint (b), in paragraph 30 above) using a known 
sampling fraction, the comparison of cases and controls can be expressed in absolute 
as well as relative terms. That is, the control numbers, together with the known 
national rates, can be used to estimate an “expected” number of cases. Comparison 
of the observed number of cases with the number expected gives a direct measure of 
the absolute risk in the study population. The statistical significance of these 
comparisons havé been calculated assuming that the expected case numbers are 


distributed proportionately to a Poisson variable with mean equal to the number of 
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controls, and that the case numbers follow an independent Poisson distribution with 


mean equal to the expected case numbers. 


Analysis of post-conception variables 

Different analytical methods are required for the analysis of post-conception exposure. 
This is because the exposures of interest - for example, father’s involvement in 
contamination incidents - is changing through the observation period, so that without 
adjustment for differences in follow-up time, subjects with longer follow-up will have 
higher values for their workplace exposure measures than subjects whose follow-up is 
shorter. To adjust for these differences, each case needs to be compared to controls 
assessed at the same - or closely similar - age as the case at diagnosis. In this study, 
the post-conception exposures were examined by conditional logistic regression in 10 


age-matched strata using the EGRET computer package. 


As for the pre-conception analyses, an offset was fitted corresponding to the different 
selection probabilities across different control series categories. The offset reflecting 
the accrual of expected cases over time was not applied since in these analyses the age 


matching makes the equivalent adjustment. 


The age-matched strata were created by examining the ordered ages of the cases at 
their first diagnosis and seeking groups within which the oldest and youngest case ages 
were within 10% of their average age. This led to 10 age strata with mid-points and 


case numbers as shown in Table A-3. 


Stratification of control data 

Control data was assembled within each stratum, for all the controls who had reached 
the mid-point diagnosis-age of the cases in the stratum set before the end of the 
follow-up period. Under this method a single control subject will usually contribute 
data to several strata, for example, the controls in set 10 will also be controls in sets 1- 
9. Consequently, the control data in different strata are not independent. This non- 
independence has no effect on the point estimates of logistic regression coefficients, 
but does affect the calculation of the standard errors of these estimates. There is no 
straightforward way of adjusting the standard error estimates for the non-indepence of 
the control data, but a comparison of the estimates and standard errors for pre- 
conception variables derived from the unconditional logistic regression (using GLIM), 
with those derived from the EGRET analyses, suggests that the impact of non- 
independence in this data is rather small. Table A-4 shows the ratio of GLIM and 
EGRET estimates and of their standard errors for six pre-conception variables. The 
average ratio of regression coefficients is close to unity (1.02), consistent with there 
being no effect on point estimates. The ratios of standard errors show a consistent 


tendency for the EGRET standard errors to be smaller than those from GLIM, on 
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average by 11%, with a range from 1% more to 25% less. In other words, the impact 
of the non-independence on the control data has been to lead to underestimates of the 
standard errors and thus to overestimates of the significance of any associations. We 
have not made any adjustment to the results reported below on account of this bias, 
but this tendency slightly to overestimate the statistical significance of associations has 


been taken into account in the interpretation of the data. 


The variables examined in the post-conception analyses are those based on subjects’ 
job histories and records of decontamination. In addition, the main pre-conception 
variables, which had shown significant effects in the GLIM analyses, were included, so 
that the estimates for these from the two analytical methods could be compared, and 


the joint effects of pre- and post-conception variables could be examined. 


All the post-conception variables were evaluated from the child’s conception to, either 
the date of diagnosis if the child was a case, or, if the child was a control, to the date 


the child reached the mid-point diagnosis-age of the cases in the matched set. 


Results - univariate analyses 
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Tables A-5 to A-7 summarise the statistical strength of association between the three 
outcome measures LLNH, LNHL, and OCAN, and all potential explanatory variables, 
taken one by one. (Variables listed in Table A-1 for which no cases - of any diagnosis - 
had non-zero exposure are not shown). In these tables the strength of association is 
measured by the reduction in “deviance” achieved when fitting the variable in 
question to the data. When a fitted variable is treated as a continuous measure, this 
involves the estimation of one parameter: the increase (or decrease) in risk per unit 
increase in the listed variable. This is described as a reduction of 1 in the “degrees of 
freedom” of the data. When an explanatory variable is treated “categorically”, as a 
grouping of the data, fitting this variable involves the estimation of a separate 
parameter for all but the first of the groups of the categorisation (the first group being 
taken as a baseline relative to which the increase or decrease of risk in the other 
groups is measured). Fitting an eight level factor thus entails the estimation of seven 


parameters, and a reduction of seven in the degrees of freedom. 


Any variable fitted to data will reduce the deviance (and the degrees of freedom). The 
explanatory power of variable is judged by the extent to which the reduction of 
deviance for each parameter exceeds the reduction that would be produced by fitting 
an unrelated variable. This is measured by the p-value - also shown in Tables A-5 to 
A-7 - which records the theoretical probability that an unrelated variable would 
produce a deviance reduction as great or greater than that seen for the variable in 
question. Where/the p-value is 0.05 or lower (the conventional boundary of “statistical 


significance”) the entries are marked by a ‘+’ (for positive associations), or a ‘-’ (for 
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negative associations). A positive association is one in which a higher risk of being a 
case is associated with higher values of the explanatory variable. For grouped 
variables, significant differences among the sub-groups are indicated by a ‘*’ unless 
there is also a significant trend across the groups, in which case they are marked ‘+’ 


‘ 


or ‘-’ depending on the sign of the trend. 


Continuous variables - such as external radiation dose - can be treated either 
continuously or in a grouped fashion. Treating these variables as continuous clearly 
uses the most detailed available information; and when this information is accurate, 
and the form of the relationship between the variable and the outcome can be 
accurately specified, this provides the most powerful treatment of the available 
information. When these conditions are not fulfilled however, treatment as a 
continuous variable may be misleading. In particular, individuals with extreme 
values of the variable may have an undue influence on the assessed significance of the 
variable. For this reason, all continuous variables have also been analysed in two 


grouped forms: 


(a) in three groups: unexposed/exposed below average/exposed above average; (the 
two exposed groups made up of subjects with values above and below the 
median of all non-zero values on control subjects for the variable in question); 


and 


(b) a two group version simply comparing the zero value subjects with positive 


value subjects. 


The three main date variables, child’s date of birth and father’s dates of start and 
quit, were originally grouped in eight 5-year categories. These were also reduced to a 
2-group version by seeking the most significant dichotomy of the original 


categorisation. 


For all variables where any version showed a conventionally significant fit, and for 
other variables of particular interest, the fitted coefficients and their standard errors 
are shown in Tables A-8 to A-31. These are discussed in turn below, first for the two 
leukaemia end points, then for other cancers. A complete summary of the most 
detailed grouped analysis for each pre-conception variable is shown in Tables A-56 to 
A-58 for case groups LLNH, LNHL and OCAN respectively. Summaries of the post- 


conception variables are shown in Tables A-59 to A-61. 


Leukaemia and non-Hodgkin’s lymphoma 
There is an overall statistically significant excess of leukaemia and NHL. The O/E 


ratio is 12/4.0 for LLNH (p = 0.0021), 16/5.8 for LNHL (p = 0.00092). 
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Patterns in time 

The pattern of risk by child’s date of birth (Table A-8) shows some tendency towards 
higher risk in the earlier periods, but without any strong trend. The most significant 
dichotomy of the eight time periods is at 1970, the risk in the earlier period being 
about double that for the period from 1970. In terms of the estimated absolute risk 
however, both periods show an excess: for LLNH, O/E = 3.86 before 1970, 1.80 after. 
This difference is not significant (p = 0.20). The pattern is similar for the wider 


leukaemia/NHL group. 


There are stronger patterns for risk in relation to father’s date of start at Sellafield 
(Table A-9). Again, the higher risks are in the earlier period. The most significant 
cut point is at 1965, and the comparison of the periods before and after this date is 
significant for LLNH (p = 0.038). The absolute excess risk is entirely concentrated in 
the period from 1950 to 1964: O/E = 10/2.25 for LLNH, 13/3.56 for LNHL. 


A strong pattern is also seen for father’s date of leaving Sellafield (Table A-10). Here 
the risk is seen in subjects who left the work force most recently (from 1975, or who 


are still employed). This comparison is significant (p < 0.038). 


In relation to diagnosis date the highest rates are seen in the 1960s and 1970s. No 
LNHL cases were diagnosed before 1960 (Table A-11). Between 1960 and 1979 the 
O/E ratio was around 4 for LLNH and around 3.5 for LNHL. From 1980 the O/E 
ratio has been around 2. The variation between time periods is not statistically 


significant (p = 0.32 for LLNH, p = 0.39 for LNHL). 


Father’s age and birthplace 

Father’s age (Table A-12) shows a significant effect, due mainly to the fact that there 
are no cases among children born to fathers under 25. The risks for the two older 
fathers’ age groups (25-34 and 35+) are similar. Father’s own birthplace - a proxy 
marker of families who had moved into area from elsewhere - has no significant 
association . The excess of LLNH cases is very evenly shared between children of 
Cumbrian born and non-Cumbrian born fathers. Three of the four non-lymphatic 
leukaemia cases were children of non-Cumbrian fathers, and the odds ratio for 
LNHL in children of fathers born outside Cumbria is raised (1.87) but not 


significantly so (p = 0.26). 


Seascale 

Being a Seascale resident at birth is strongly related to the two leukaemia/NHL end 
points (Table A-12). The O/E ratio for Seascale births is over 14, significantly 
different from the rest of the population. This is not surprising, since part of the 


motivation for this study was a known cluster of cases at Seascale. An excess of 
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cases outside Seascale has not previously been suggested. The non-Seascale excess 
does not quite reach statistical significance: for LLNH the O/E ratio is 2.15 (95% CI 
0.91 to 4.3, p = 0.078); for the wider case group LNHL the O/E ratio is 1.86 (95% CI 
0.88 to 3.5, p = 0.10). 


Distance from plant 

Table A-13 and Figure 3 (in the main report) show the O/E ratio for LNHL cases for 
the 5 main population centres near the plant and the intermediate distance bands. 
Individually considered, only Seascale shows a significant excess. There are only 2 
cases in the generally more sparsely populated bands between the main centres of 
population: one case in band 2 (3-7 km) and another in band 6 (greater than 15 km). 
If the bands and the population centres are ranked by O/E ratio the 5 population 
centres take the first 4 and the 6th positions. Even allowing for the fact that the 
expected numbers are generally higher for the population centres, and setting aside 
the very different figures for Seascale, this is statistically significant (p = 0.03 - 
assessed by comparing the observed data, excluding Seascale, with 1,000 random 
assignments of 10 cases to the 10 centres/bands with probabilities proportional to the 
expected numbers for the centres/bands). Aggregating observed and expected cases 
over the population centres other than Seascale gives an O/E ratio of 8/3.1 (2.56, 95% 
CI 1.08 to 5.3); in the intermediate bands combined, the O/E ratio is 2/2.3. 


The data in Figure 3 shows some suggestion of a gradient by distance from plant, with 
the high value in Seascale close to the plant, and the most distant band having a ratio 
almost exactly unity. Figure A-1 accumulates the O/E ratios from the furthest bands 
inwards. The pattern now shown is of 2 step changes, first when the Whitehaven data 
is aggregated with band 6, the next when Seascale is reached. The successive values 
from Whitehaven (at 15 km) down to (but not including) Seascale (3 km) shows no 


real trend, though if there is a pattern it is one of decrease rather than increase. 


Population mixing 

Figure 4 (main report) shows the relationship of O/E ratio to migration index for the 
11 population centres/bands. In Seascale there are 4',, times as many births to non- 
Cumbrian born fathers as to Cumbrian born fathers. Outside Seascale the average 
ratio is 1:4 (in the other direction). The population centres seem to fall in a very 
convincing linear relationship, but the wide confidence intervals mean that, if Seascale 
is omitted, the correlation between O/E ratio and migration index is not significant. 
It remains non-significant if the analysis is restricted to the 4 population centres (other 
than Seascale). With Seascale included there is of course a strong association, 
effectively identical to that for residence in Seascale (since the migration index 


distinguishes Seascale from other places so distinctly). 
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Duration of pre-conception employment 

The duration of the period from father’s start at Sellafield to conception date (or his 
leaving Sellafield if this was earlier), is quite strongly related to outcome when 
measured as a continuous variable, but not in either grouped form (Table A-14, 
variable TIME). Subjects with zero TIME are those whose conception dates pre-dated 
their father’s start at Sellafield. A total of 3 leukaemia/NHL cases fell in this category. 
None of these fathers were employed in the nuclear industry prior to their work at 
Sellafield. These 3 cases represent a 2-fold excess. This excess is not statistically 
significant - nor is it significantly different from the 3-fold excess for the 13 cases 
conceived after their fathers started work at Sellafield. Among those with some pre- 
conception TIME, the O/E ratio is about 2 for those conceived within 4 years of their 
father’s start date, and rises to nearly 5 for those conceived more than 4 years from 


this date. These differences are not significant. 


Variables relating to total pre-conception period 

Measured radiation dose 

Father’s pre-conception radiation dose (Table A-15, variable XG) shows a rather 
similar pattern to the previous variable, and is in fact quite highly correlated with it. 
It is significant fitted as a continuous variable, but not grouped, and the three group 
version presents a non-significant J-shaped pattern for LNHL, and a non-significant 
positive trend for LLNH. For comparison with the Gardner report, Table A-15 also 


shows the data grouped by the exposure categories used in that report. 


One of the two variables measuring subjects’ exposure to high dose rates (HIDA - the 
total monitored days covered by film badges showing an average dose rate greater 
than 0.5 mSv/day) shows a just significant positive association in its continuous 
analysis (Tables A-5 and A-6). This variable is strongly correlated with total radiation 
dose (XG), and this association disappears after controlling for XG. No other measure 


of radiation dose shows significant effects. 


Chemicals 

Exposure to used/degraded butex (Table A-16) shows a significant effect in its three 
group version for LNHL, with three cases in the highest exposure group, though there 
is no significant or consistent trend. The comparison of the highest exposure group 


against the lower two is not quite significant (p = 0.064). 


Exposure to chromates and di-chromates (Table A-17) is significant as a continuous 
variable (and in the three group version for LNHL, but not for LLNH). Examination 
of the details of the three group model shows that for LNHL there are four cases in 


the top half of thé exposure distribution, giving a significant odds ratio of 5.34. Two of 
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these cases are non-lymphatic leukaemias and this exposure does not show a 


significantly raised risk for the more restricted diagnostic group LLNH. 


Fomaldehyde/formalin exposure shows a strong effect treated as a continuous 
variable, but this is due entirely to one case with an extreme value on this variable. 
Hydrofluoric acid is significant as a continuous variable for both leukaemia end 
points, but this association disappears when the data are grouped. The three group 
data does not show a consistent trend for either cancer type. Exposure to picric acid 
is positively and significantly related to the leukaemia end points but only in its 
continuous analysis. Only one case has non-zero exposure to this substance. The just 
significant association shown for exposure to zinc and its compounds is a negative 


one. 


Exposure to trichloroethylene is significant for LNHL only, in its three grouped 
version (Table A-18) and shows a significant positive trend (p=0.035). This 
association is produced by the presence of eight of the 10 cases in the top half of the 
exposure distribution. The pattern of risk across the three categories does not show a 
consistent trend but the comparison of the top half group against the two other 


groups is significant (p = 0.011). 


Exposure to TTA (Thiophenyl-trifluoro-acetone) shows a significant effect in its three 
group version for LNHL (Table A-19). This is produced by the three cases in the 
highest exposure group for which there is a significant 10-fold OR. 


For tritium (Table A-20) there is a strong positive relationship both for the continuous 
measure and both grouped measures, and there is a highly significant positive trend 


(p=0.0018) in risk for the three group analysis. 


Actual and potential contamination 

There is some indication of a positive association with numbers of contamination 
incidents (Table A-21). Children of fathers with at least one beta/gamma 
contamination have an odds ratio of 3.2 for LNHL (combining the two positive groups 
shown in the table) compared to children of fathers with no such contaminations (p = 
0.04), and there is a weak positive trend in the three-group analysis of total 
decontamination visits, though this is not significant (p = 0.08 for LNHL). The 
significant (p = 0.02) positive trend for LNHL cases with numbers of “not clear” 


contaminations is based on only 2 cases. 


The variables related to time spent in contaminating jobs also show no consistently 


significant effects (Tables A-22 and A-23). The three group version of CON2 (Time in 
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any contaminating job) is similar for both leukaemia diagnoses, with the strongest 
effects seen for LNHL (p = 0.026). However the OR estimates do not show a 
consistent trend: the middle exposure group having a very low OR, and the highest 
exposed group a moderately raised OR. The fact that the two group version for this 
variable shows no effect whatever, and that CON1 (Time in most contaminating jobs), 
also shows no effect, suggests that no strong interpretation can be placed on these 


patterns. 


Job history 

Only one work area variable showed a significant effect: working in the Calder area is 
significantly and positively related to both leukaemia end points (Table A-12). All five 
cases are of lymphatic leukaemia and the odds ratio for this diagnosis is 12.6 (95% CI 


3.24 to 49.2). 


Twelve weeks pre-conception exposures 

Many of the variables considered have a little discrimination when assessed over the 
12 weeks pre-conception exposure period: the range of possible values for continuous 
variables is restricted, and most exposure factors become rare. None of the positive 
associations that appear are based on more than two cases. Measured internal dose 
from tritium (Table A-24) shows a positive association (p = 0.005) based on one non- 
lymphatic leukaemia case. The corresponding grouped analyses do not show 
significant effects. In the two-group analysis the odds ratio for exposure to tritium is 
6.76 (95% CI 0.41 to 110). Exposure to hydrofluoric acid shows a positive association 
(p = 0.051), and the two cases exposed show a significant positive trend over the three 
exposure groups (p = 0.046). Both these cases are lymphatic leukaemias (Table A-25). 
The high p value for the three-group analysis of picric acid (p = 0.0001 for LLNH) is 
generated by a single case in the top half of the exposure distribution with no 
corresponding controls. When the two positive exposure groups are combined the 
comparison is non-significant (p = 0.28) (Table A-26). Exposure to TTA also shows a 
signficant result in its continuous version based on one lymphatic leukaemia and one 
non-lymphatic leukaemia. The three-group analysis, its trend, and the two-group 
analysis are all non-significant (Table A-27). Exposures to graphite dust and zinc 
show nearly significant negative associations for both leukaemia end points, as does 


exposure to mercury for LNHL. 


Post conception exposures 

The data for leukaemia/NHL cases and post conception exposures are shown in Tables 
A-59 and A-60. For LLNH cases the number of decontaminations involving alpha 
emitters shows significant association with risk (p = 0.019) (in the post conception 
period). This result is based on a single case who had 6 decontamination incidents, all 


of them involving alpha emitters. Working in the high level waste area (PJ4) gives a 
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close to significant result for LLNH (p = 0.053), but not for LNHL (p = 0.11). Two 
LLNH cases worked in this area. There is a nearly significant association for total 
decontaminations with LLNH cases, and the crude ORs (not age-matched), show a 
consistent trend to 3.7 for subjects with 1 to 5 decontaminations, and 19.8 for subjects 
with more than 5 decontaminations (one case and one control). The tendency for 
over-estimation of significance levels in these analyses (paragraph 37) should be borne 


in mind here. 


Other cancers 

In contrast to the leukaemia/NHL analyses, the associations seen for other cancers are 
fewer and generally less marked. Overall, in absolute terms, there is a slight excess of 
observed over expected cases (16/12.1 p = 0.34). In relation to child’s date of birth and 
father’s date of start at Sellafield, there is a hint of the pattern seen for leukaemias, 
with slightly higher rates for subjects with earlier dates on both variables (Table A-28). 
However the strongest two-group contrasts for OCAN do not have the same cut-off as 
for the leukaemias. Also, for OCAN it is the two-group contrast for child’s date of 
birth which is (just) significant while the father’s date of start contrast is far from 
being statistically significant. For leukaemias the situation was reversed. There is no 


indication of any systematic variation in risk by diagnosis date. 


Table A-29 shows the data for selected variables of interest. For sex there is a slight, 
non-significant excess of female cases. Father’s age shows no particular relationship. 
Only one OCAN case had a Seascale resident family. Father’s birthplace gives a near 
significant association (p = 0.053), with a raised OR for children of non-Cumbrian 


born fathers (3.0; 95% CI 0.94 to 9.33). 


Table A-30 shows the data for other cancers by place of birth. None of the individual 
population centres or the intermediate bands stands out. In particular, there is no 
excess for Seascale: one case, 0.85 expected. No trend in relation to distance from 
the plant is shown. A comparison of population centres with the intermediate bands 
shows that for the population centres together there is a just significant excess O/E = 
1.92 (95% CI 1.03 to 3.4, p = 0.042). There is a non-significant deficit of cases in the 
intermediate bands O/E = 0.42 (95% CI 0.05 to 1.6, p = 0.31). 


Cumulative pre-conception exposures 

External radiation shows a significant (p = 0.022) J-shaped relation for other cancers 
with raised rates for those exposed below the median (33 mSv), and low rates for the 
highest exposure group (Table A-29). The two OCAN cases whose fathers had Calder 
jobs represent a slight excess, but this is far from being significant. No OCAN case 


father was assessed as having exposure to tritium. 
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The two variables measuring father’s time in contaminating jobs (CON1 and CON2) 
are negatively associated with OCAN, significantly (p = 0.015 for continuous analysis 


- Table A-7) for CON2 (Time in any contaminating job). 


One job variable - PJ17, work in Windscale Nuclear Laboratories - is significantly 
(p = 0.024) and positively associated with outcome OCAN. The two cases represent 
an OR of 13.0 (95% CI 1.84 to 92.1). 


Twelve week pre-conception exposures 

Among the 12-week pre-conception exposures, benzene shows a nearly significant 
positive association. There are 2 exposed cases. Exposure to graphite dust also 
shows a significant relationship (Table A-31). Two cases have this exposure and the 
two-group analysis shows an OR of 10.3 (95% CI 0.82 to 129). The three-group 


analysis shows an increasing trend (p = 0.02) across the three groups. 


Post-conception exposures 

Both total decontamination incidents (p = 0.025) and the number of contaminations 
involving beta/gamma emitters (p = 0.003) are positively associated with the 
occurrence of cancers other than leukaemia and NHL (Table A-32). No father of an 
“other” cancer case was involved in contamination incidents with alpha emitters. 
Five fathers of children with “other” cancers had at at least one contamination 
incident, and three of these had more than five. Ignoring the age matching, the 
crude odds ratio for subjects with 1-5 and more than 5 contaminations are 0.82 and 
17.2 respectively. The association is entirely due to the three cases with more than 5 


contamination incidents. 


The number of “heavy” contaminations also shows a nominally significant 
association (p = 0.046), though allowing for the slight overestimation ‘of significance 
levels in the post-conception analyses referred to above (paragraph 37), this would 


not be a significant association. This association depends on the same 3 cases. 


at diagnosis 

Table A-33 shows a breakdown of each case group by age at diagnosis (up to/from 
age 15). The leukaemia/NHL cases fell very distinctly into two groups by age. The 
oldest case diagnosed before age 15 was aged 7‘. For these cancers, the O/E ratio is 
very similar for the younger and older cases. For other cancers, the O/E ratio is 


somewhat raised for the older age group, but not significantly so (p = 0.18). 


Table A-34 shows a breakdown of the older LNHL cases by selected variables. The 
patterns are similar to those seen for all cases in respect of Seascale residence, 


Father’s pre-conception radiation dose, date of start, potential tritium exposure and 


child’s date of birth, though the small number of cases means that none of these 
associations are significant on the older cases alone. The older cases do not contribute 


to the association with Calder. 


Multiple comparisons 
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In a study of this kind, where many possible explanatory variables are examined, it is 
to be expected that some of these variables will show positive (or negative) 
associations simply by chance. Under these conditions the statistical associations 
which emerge cannot be interpreted as they would be in an experimental or strictly 
confirmatory study examining a single a priori hypothesis. Some assessment has to 
be made to decide whether the stronger associations observed reflect real associations 
for which further explanation should be sought, or simply happen to be the strongest 


associations among the large number of variables examined. 


The data shown in Figure A-2 compare the p-values arising from fits of the 31 area/job 
factors to the 3 outcome variables LLNH, LNHL and OCAN with the 31 p-values that 
would be expected to arise from fitting 31 randomly generated variables with no 
association to each outcome. The quantities plotted are the logits of the p-values, 
since this transformation spreads out small p-values and enables differences at the 
ends of the p-scale to be seen. There are 31 informative job factors since for two job 


codes - THORP and Changerooms - no subject had any pre-conception job spells. 


If all the exposure factors examined were unrelated to outcome the 31 plotted points 
should lie close to the straight line shown on each graph. The p-values in these graphs 
represent, for each variable, the probability that a truly unrelated variable would 
generate a more negative association than that observed for the variable in question. 
Thus variables for which the observed relationship is strongly negative produce p- 
values close to zero (because it is very unlikely that an unrelated variable would 
produce a more negative effect), and the corresponding logits are negative. 
Conversely, variables with strong positive relationships have p-values close to 1, and 


large positive logits. 


Only one observation falls well away from the expected line on the positive half of the 
scale. This is the Calder job factor, which is, by a considerable margin, the most 
significant positive area/job association both for LLNH and LNHL. The observed 


point for other cancers (OCAN), all lie quite close to the expected line. 


Figure A-3 shows similar plots for fits of the 30 assessed exposure factors to case type 
LLNH. The 4 charts in this figure show the results for 4 alternative measures of these 
factors: the continuous measure (weighted days exposed); the 3-level factor; the 


trend across these 3 groups; and the 2-group dichotomy (ever/never exposed). The 
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most extreme positive points in all these charts relates to assessed tritium exposure, 
and 2 alternative positions are shown for this depending on whether the original or 


extended assessment of potential tritium exposure is used (see paragraph 22). 


The tritium point lies fairly clearly away from the expected line on all 4 measures. 
Four other exposure factors (formaldehyde, chromates, hydrofluoric acid, picric acid), 
also lie well away from the line for their continuous measure, but not on any other 


measure. 


Considered as the maximum of around 30 similar variables examined, the 1-sided 
Calder p-value increases from 0.0003 to 0.001. The equivalent adjustment on the 
tritium. associations bring the p-value for the continuous measure up from 10° to 3 x" 
10°, and for the trend and the 2-group measures from 0.001 to 0.03. Seen thus in the 
context of the many potential explanatory variables that have been examined, these 
two factors still appear statistically significant by conventional criteria, though 
arguably only marginally so for tritium on the more robust group measures of 
association. Nevertheless, it is clear from Figures A-2 and A-3 that these two factors 


stand out from all the other job and exposure variable examined. 


Multivariate analyses 
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The small numbers of cases available for analysis restricts the extent to which the 
many possible patterns of association between the outcome variables and the potential 
explanatory variables can be distinguished Statistically. The discussion in the previous 
section identified Calder and potential for tritium exposure as showing particularly 
strong associations. One other chemical exposure factor also seems worthy of closer 
examination: exposure to trichloroethylene, when expressed as a contrast between 
subjects exposed above and below the median (450 weighted days). Tables A-35 to 
A-49 show the results of joint analysis of the leukaemia/NHL cases with all possible 


pairs of the following variables: 


SEAS - Seascale residence at birth; 

XG4V_ - Father’s pre-conception radiation dose (four groups, scored 0, 20, 70, 175 for 
groups with zero, 0.1 to 49, 50-99 and 100+ mSv respectively); 

TEN2 ~~ - Ever/never potentially exposed to tritium (extended assessment); 

PJ8 - Working on Calder (more than 5% of time); 

LDOS_ - Father’s date of start (up to/from 1965); 

S23 - Potential exposure to trichloroethylene (<=/>450 weighted days) 


The modified version of the external dose variable was chosen to reduce the effect of 
the single case father with a pre-conception dose of over 500 mSv, who otherwise 


determines the analysis. The group scores are the mean control values for each group. 
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Each table shows first the extent to which the explanatory power of each variable 
overlaps with the other. Where this is the case, the Likelihood Ratio (LR) test for each 
variable will be lower (and the corresponding p-value higher), when the variable is 
fitted after controlling for the other variable in the pair. For each pair of variables the 
significance of their interaction term is also tested. A significant interaction implies 
that the effect when the factors measured by each variable both apply is significantly 
different from that predicted by a simple addition of the two effects. The second 
section of each table shows the parameter estimates and standard errors for the 
models of interest. The parameter shown is the log of the odds ratio (for XG4V_ this 
is the average increment in the log odds for each mSv increase). The third section of 
each table tabulates the observed and expected cases and their ratio, jointly for the 
two variables. These tabulations show the numbers of subjects whose status was 
unknown on either variable. The fitted models are based on those subjects who had 
non-missing values for both variables of the pair. The data described above is shown 


separately for case types LLNH and LNHL. 


Table A-35 shows the joint analysis of Seascale and external radiation. The fit of each 
variable is unaffected by the presence of the other variable in the model, but there is a 
significant interaction term (p = 0.009). Examination of the parameter estimates and 
standard errors for the full two variable model (model no. 4) shows that the 
interaction term is the only significant term in the model. The data for observed and 
expected cases by Seascale residence and external dose in the final section of Table 
A-35 shows why this is so. For the non-Seascale subjects there is no apparent effect of 
external radiation (if external radiation is analysed as a) continuous variable, a single 
non-Seascale case father with an XG value over 500 mSv generates a just significant 
positive association). In contrast, for Seascale subjects, the four cases all fall in the 
upper two exposure groups, and are greatly in excess of the expected numbers. The 
data for the wider case definition LNHL are very similar, all six Seascale cases have 


XG values over 50 mSv, generating an even stronger interaction (p = 0.0004). 


The joint analyses of the Seascale variable with the Calder, tritium and 
trichloroethylene variables are shown in Tables A-36 to A-38. These all show 
independent effects, and no interactions. The cross tabulation of data by Seascale 
birth and fathers date of start (Table A-39), shows that there are no Seascale cases 


whose fathers started work in 1965 or later. 


The joint data for Calder and external radiation are shown in Table A-40. The Calder 
factor has a strong effect, not greatly influenced by the presence or absence of external 
radiation in the model. There is a nearly significant interaction (p = 0.071 for LLNH, 
0.059 for LNHL) reflecting a positive association between XG and leukaemia for non- 


Calder subjects, in contrast to a negative association for Calder subjects. 
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Table A-41 shows some overlap between the external radiation and tritium effects. 
For LLNH the p-value for an XG4V effect is 0.17 on its own, 0.51 after adjusting for 


potential tritium exposure. 


Table A-42 shows the joint analysis of external radiation and potential 
trichloroethylene exposure. The stronger associations are seen for case group LNHL. 
There is some overlap of effect between these variables, with the p-value for XG4V 
rising from 0.19 on its own to 0.57 after adjusting for potential trichloroethylene 
exposure. There is also a nearly significant interaction (p = 0.08), reflecting a weak 
negative association between XG and leukaemia for subjects with the longest periods 
of potential trichloroethylene exposure, compared with a weak positive association for 
other subjects. A similar pattern is seen for the analyses of the more restricted case 
group LLNH, for which the main effects of these two variables are less marked, and 


their interaction stronger (p = 0.046). 


Table A-43 shows the joint analysis for external radiation and father’s date of start. 
There is no evidence of any positive association with external dose for cases whose 
fathers started in 1965 or later. If an interaction term is fitted, the XG4V coefficient 
for the later period is negative, though not significantly different from zero. The 
picture is similar for both case groups, though the associations are stronger for the 


wider (LNHL) group. 


Table A-44 shows the joint analysis of Calder and tritium. The effects are 
independently significant, and there is a strong interaction due to the very high O/E 


ratio (2/0.01 for LLNH) for subjects who are positive on both factors. 


Table A-45 shows the joint analysis of Calder and potential trichloroethylene exposure. 
The enhancement of the significance of each variable in the presence of the other is 
due to the fact that when both variables are fitted, the baseline cell (not exposed to 
trichloroethylene and not working on Calder) contains no cases, and the odds ratios in 


other cells in relation to this are therefore theoretically infinite. 


The data in Table A-46 shows that the Calder and father’s date of start effects are 


completely independent. 


The data in Table A-47 shows that there is substantial overlap between the effects of 
potential exposures to tritium and trichloroethylene. For case group LLNH the 
tritium effect is the stronger of the two, taken singly (p = 0.009, compared with 

p = 0.026 for trichloroethylene). The significance of each variable is removed by the 
presence of the other in the model - marginally for tritium (p = 0.053, controlling for 


trichloroethylene), clearly for trichloroethylene (p = 0.17, controlling for tritium). 
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A similar picture is seen for case group LNHL, though here trichloroethylene gives a 
slightly stronger association which remains significant after controlling for tritium. 
The reason for this strong overlap is clear from the tabulated data. All the positive 
tritium cases lie in the group with longer periods of potential trichloroethylene 


exposure. 


Examination of the joint effects of tritium and father’s date of start (Table A-48), 
shows the effects to be independent. The tabulated data shows that there are no 
positive tritium cases among the subjects whose fathers started work in 1965 or later. 
The tritium association is therefore expressed entirely in the subjects whose fathers 
started before 1965. The small numbers in the later period mean that an equivalent 
tritium effect in this group can not be ruled out, but if the (non-significant) 
interaction term is included in this model, the tritium effect for later starters is, of 


course, negative. 


The determining feature of the joint analysis of trichloroethylene and father’s date of 
start is that there are no cases with known trichloroethylene exposure status and with 
fathers who started in 1965 or later (Table A-49). Consequently the father’s date of 
start variable shows a spuriously strong effect in these analyses (spurious, because it 
is produced by the implied zero risk for subjects with father’s start date in 1965 or 


later). 


The cross tabulation of data by father’s date of start and child’s date of birth (Table 
A-50) shows, as might be expected, a substantial overlap between these factors. All 
but three of the cases are either “early” on both variables or “late” on both variables. 
More than 90% of the expected cases fall into these categories also, so there is very 
little basis for discriminating between the two effects. Taken singly, father’s date of 
start gives the stronger association, and this difference is due to the two cases with 
dates of birth before 1970 and fathers’ dates of start after 1965. Both these cases are 
lymphatic leukaemias and give an O/E ratio of 14.8 for this cell of the cross- 


tabulation. 


Table A-51 shows a cross tabulation of Seascale residence at birth by father’s place of 
birth. For the wider case group there is some suggestion that, within Seascale, there 
are higher rates for the children of non-Cumbrian born fathers than for Cumbrian 
born fathers, though the rate for the latter are still substantially raised (based on a 
single case). For subjects not resident at birth in Seascale, the rates are - very 
slightly - higher for the children of Cumbrian born fathers. However, these contrasts 
are very far from statistical significance (p > 0.5 for the interaction term in the full 


model for SEAS and FBTH). 
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Because of the distinct nature of the results for Seascale, all the univariate analyses 
were repeated on the Seascale-born sub-set of the data alone. None of the variables 
explained or materially reduced the strong association with cumulative pre-conception 
dose. Two variables did show independently significant effects after controlling for 
cumulative dose: the 12-week pre-conception dose, and the number of pre-conception 
decontamination visits. For both variables the associations are significant only for the 


wider case group (LNHL). 


Table A-52 shows the joint analysis of 12-week pre-conception dose and Seascale 
residence at birth for the whole population. For LLNH, 12-week pre-conception dose 
does not show a significant association, and although the O/E ratios for Seascale 
subjects by 12-week dose category show a consistent upward trend, this is not 
Statistically significant (p = 0.18). For the wider case group (LNHL) the pattern is 
generally similar, but with two additional Seascale cases in the top 12-week dose 
group, the positive trend with 12-week dose for Seascale subjects is now significant 
(p = 0.005). There is no such trend for the non-Seascale subjects, and the difference 
between Seascale and non-Seascale subjects is clearly significant (interaction 
p = 0.0059). It should be noted that one of the case fathers in the top 12-week dose 
group has all his 12-week dose imputed (see Appendix 2, paragraph 23). Without this 
case the 4-group trend for Seascale subjects is not significant (p = 0.31), and the 


interaction term is just significant (p = 0.046). 


Table A-53 shows a similar analysis for Seascale and decontamination visits. For 
LLNH the number of decontaminations (measured as a continuous variable), is only 
significant in interaction with Seascale (p = 0.031). The grouped data shows a J- 
shaped pattern for non-Seascale births, and an upward trend for Seascale (though 
with no cases or controls in the top group - more than two contaminations). The 
trends for this grouped data are non-significant. For the wider case group (LNHL), 
the association with number of decontaminations is strengthened for the Seascale 
subjects. The interaction term is now highly significant (p = 0.00046), and the 
difference between the O/E ratio for Seascale subjects with and without 


decontamination incidents is significant (p = 0.0071). 


Table A-54 shows the analysis of leukaemia/NHL cases in Seascale subjects alone, 
jointly by father’s cumulative and 12-week pre-conception dose. For LLNH cases only 
cumulative dose shows a significant association. For the wider case group (LNHL), 
cumulative dose gives much the strongest association (p < 0.00001), but the 12-week 
dose is also (just) Statistically significant (p = 0.047) with or without controlling for 
cumulative dose. Both measures of dose show a positive association. If the data for 
both variables aré dichotomised (cumulative at 50 mSv, 12-weeks at 2.5 mSvy) all the 


cases have cumulative dose above 50 mSv, and within this higher cumulative dose 


106 


groups there is a significant contrast (p = 0.033) between those with 12-week doses 
above and below 2.5 mSv. Without the imputed dose case referred to above 


(paragraph 103), none of these contrasts is significant. 


A similar joint analysis for cumulative dose and total pre-conception 
decontaminations for Seascale subjects only is shown in Table A-55. As continuous 
variables both are independently highly significant (p < 0.00001 for cumulative dose; 
p = 0.0002 for number of decontaminations) for LNHL cases. When both variables are 
dichotomised, the contrast of those with and without recorded decontaminations 
within the higher cumulative dose subjects is not significant (p = 0.13). The pattern of 
associations is similar for LLNH cases, but with weaker effects for the 


decontamination variable. 





Technical Note: Accuracy of p-values 
The accuracy of the standard distributional assumptions underlying the calculation of 
p-values and standard errors from the GLIM logistic regression analysis was assessed 
as follows, taking the external radiation variable (XG) as an example. 1,000 replicates 
of the data were randomly generated. For each of the 1,000 replicates, XG values for 
the 12 LLNH cases were chosen at random from the 191 study population values (179 
controls plus 12 cases), with probability proportional to the expected cases generated 
by each subject (that is, the subjects were weighted inversely by their selection 
probabilities, and proportionately to the expected case incidence over their follow-up 
time). The association between the probability of being a case and XG was then 
estimated for each replicate using GLIM, and the deviance change, sign of association, 
and p-value (assuming a chi-square distribution for the deviance change) were 
recorded. The replicates were then ranked from the most significant negative 
association, through non-significant associations to the most significant positive 


association. For each replicate a quantity ac was calculated as follows: 


1- Porm /2 for positive associations 


Pom/2 for negative associations 


In words, Es is the probability of that unrelated variable would produce a more 
negative association than the one being tested. The Porm Value is halved in these 
formulae since deviance changes do not distinguish between positive and negative 
associations, and in this analysis they are treated separately. If the chi-square 
distribution assumption holds PS will be uniformly distributed on (0,1), and the 
expected value for the r-th PS value will be r/1001. Since we are primarily interested 
in the ends of this distribution, we use the logit transformation and plot logit PA 
against logit r/1001 for the 1000 replicates. Figure A-4(a) shows this plot. For all but 
the most extreme replicates there is very close agreement between the theoretical and 
empirical distributions. At the lower end the plot starts to turn downwards from the 
theoretical line at about logit = -4 (corresponding to negative associations with p = .02 
and lower). At logit p = -5 (p about 0.007) the observed points depart very distinctly 
from the theoretical line, indicating that with the distribution of XG values in this 
population - and with 12 cases - negative associations producing large deviance shifts 
are less rare than predicted by the chi-square distribution. At the upper end of the 
plot the observations also drift away from the theoretical line, though much less 
markedly. The implication here is that large deviance changes for positive 


associations are léss easily achieved than predicted by the chi-square distribution. 





In other words, the p-values derived from GLIM under standard assumptions will 
slightly understate the significance of positive relationships with p-values less than 


about 0.01. 


Figure A-4(b) shows a similar plot for the 3-group measures generated from the 
replicates analysed as continuous variables in Figure A-4(a). Since for a grouped 
analysis the concept of positive and negative association is not automatically 
meaningful, this plot shows only positive logit values. The values plotted are -logit 
(Por/2) and -logit (r/2002). This plot suggests that the GLIM p-values (2-tailed) in the 
range 0.04 to 0.001 are too small, but this does not affect the interpretation of the 
present data as there was nothing approaching a significant relationship for XG in its 
grouped version. Figure A-4(c) shows the results for tests for trend on the 3-group 
data. The theoretical and empirical values are in good agreement except for the most 
extreme negative associations. Figure A-4(d) shows the corresponding data for 
Ever/never exposed categories for XG. The theoretical values fall in blocks, since the 
analysis is determined by the number of cases ever exposed and there are only 13 


distinct outcomes for this. The plot shows that the theoretical p-values will slightly 


exaggerate significance in the tails of the distribution. 


Figure A-5 shows the results of replicating on the Seascale variable. This shows a 
similar general pattern to the 2-group XG data - and for the same reason, since the 
analyses is determined by the number of cases assigned to Seascale. Within the limits 
imposed by the grouping there is quite close agreement with theory. The study data 
falls in the second most extreme positive group and the GLIM p-value of 0.08 is in 


close agreement with the empirical value. 


The data for Calder in Figure A-6 is very similar to that for Seascale but here the study 
data falls in the highest positive group for which the theoretical p-value 0.0007 appears 


to exaggerate the significance in relation to the empirical p-value of about 0.002. 


Figure A-7 shows the replicate data for the variable TRI1. The lower end of this plot 
shows that for negative associations large deviance changes cannot be generated 
anything like as frequently as implied by the standard chi-square assumption. The 
standard assumptions work reasonably well for positive relationships down to p-values 
of about 0.002, but from here large deviance changes are more frequent that predicted. 
The GLIM p-value for the study data (10°) is therefore too small, though the true value 
is likely to be well below 0.001. Figure A-7(b) suggests that the GLIM p-value may 
understate the significance of the 3-group data for TRI1, the p-value being about 0.002. 
The plots for the 3-group linear trend and the Ever/never exposed dichotomy show very 


similar patterns, both suggesting that the GLIM p-values are about right. 
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Table A-1: List of potential explanatory variables 


Variable Variable name 
code 


Factor 
/variate 


Level definitions/variate units 





DOBQ Child's date of birth 
DOSQ Date of start at Sellafield 


QUIQ Sellafield quit date 

DODX Date of diagnosis 

SEX Sex 

FAGE Father's age at child's conception 


SEAS Seascale resident at birth 
JOBC Job class 


PCE Employed at Sellafield before child's conception 

TIME Years from start at Sellafield to child's 
conception (or Sellafield quit, if earlier) 

FBTH Father's birthplace 

DIST Distance of residence at birth from Sellafild site 

MIGR Migration index for place/area of birth 


Measured and assessed radiation exposure 


XG External radiation (x & gamma) 

HIDA Total monitored days on dosemeters recording 
a dose rate > 0.5 mSv/day 

RMAX Highest dose rate for any dosemeter worn 

NEUT Days in any neutron job 

NHI Days in high neutron job 

IT Internal radiation (all nuclides) 

lA Internal radiation (alpha emitters) 

ITRI Internal radiation (tritium) 

TEN1 Assessed or measured tritium exposure 
(based on ITRI and TRI1) 

TEN2 Assessed or measured tritium exposure 


(based on ITRI and TRI2) 


<A OO HH 


— <= 


awe (<< << < 


> 


5-year periods (8) 
5-year periods (8) 
5-year periods (8) 
10-year periods (4) 
Male/Female 
<25/25-34/>35 

No/Yes 
Industrial/non-industrial 
Yes/No 


years 


Cumbria/Elsewhere 


km 


ratio of control subjects born to 
non-Cumbrian fathers to those 
born to Cumbrian fathers 


mSv 


days 


mSv/day 


days 
days 
mSv 
mSv 
mSv 


never/ever exposed 


never/ever exposed 


Assessed exposure to chemicals and other workplace exposures 


Ci Anilene 

C2 Anthracene 

C3 Arsenic & compounds 
C4 Benzene 

C5 Benzidine(& compounds) 
C6 Beryllium (dust) 

C7 Butex (di-n-butyl ether) (used/degraded) 
C8 Chromates/di-chromates 
C9 Formaldehyde/formalin 
C10 Graphite dust 

Ci1 Hydrazine 

Ci2 Hydrofluoric acid 

C13 Kerosene (used/degraded) 
C14 Lead & compounds 

C15 Mercury 

C16 Phosphoric acids 

C17 Picric acid 

C18 SDG3 # 

C19 Tetrabromoethane 

C20 Chloroform 

C21 Tetrachloroethane 

C22 Dichloroethane 


Vv 


eee ee er ee ee eS eS ee SS 


weighted days exposed 


continued.. 


# a proprietary decontaminant; main constituents sodium sulphate, citric acid, detergent and 


EDTA (ethylene diamine tetra-acetic acid). 


Table A-1 (cont. 
Variable Variable name Factor 
code /variate 


Level definitions/variate units 





C23 Trichloroethylene Vv 

C24 Carbon tetrachloride V 

C25 Sulphamic acid Vv 

C26 TTA (Thiophenyl trifluoro acetone) Vv 

C27 o-Toluidines Vv 

C28 Zinc and compounds Vv weighted days exposed 
C31 Alpha in air (Pu) Vv 

C32 Alpha in air (U) Vv 

C33 Beta/gamma (only) in air Vv 

TRI1 Tritium (first assessment) Vv 

TRI2 - Tritium (extended assessment) Vv 

C35 Polonium Vv 

Actual and potential contamination 

NDCN Total decontamination visits Vv number 

NALP Number of alpha contaminations Vv number 

NBEG Number of beta/gamma contaminations Vv number 

HEAV Number of "heavy" contaminations Vv number 

CLEA Number of "not clear" contaminations Vv number 

CON1 Days in most contaminating jobs Vv days 

CON2 Days in any contaminating job V days 

FIRE Involved in Windscale fire f No/Yes 

IN57 In workforce on 10/10/57 f No/Yes 

Work areas and jobs 

Tica R&DD (Research & Development) - chemical vf 

Ps R&DD (Research & Development) - mechanical _ vf 

3 Decontamination vf 

4 High level waste vf 

5 Waste management vf 

6 Effluent plants vf 

7 Windscale piles & B29 vf 

8 Calder vf 

9 Ponds West vf 

10 Pond 5 - SIXEP vf | Recorded as factors (codes PJi): 
11 Oxide ponds vf >5% of time in job (N/Y) 
12 Reprocessing (old) vf — for total pre-conception 
13 Reprocessing (new) vf analyses; as variates (codes JBi): 
14 North Group vf days in job 

15 THORP vf for analyses of 12 week 
16 Fuel plants vf — pre-conception period 
A? Windscale Nuclear Labs vf 

18 Advanced Gas Reactor vf 

19 Main workshop vf 

20 Graphite workshop vf 

21 Maintenance - sep area vf 

22 Maintenance - non active vf 

23 Plumbers vf 

24 Painters/joiners vf 

25 Maintenance - electrical/instruments vf 

26 Changerooms vf 

27 Health Physics monitors vf 

28 Stores vf 

29 Training vf 

30 Site transport vf 

31 Police/firemen vf 

32 Draughtsmen & other office workers vf 


33 Chemical plumbegs vf oo) yea ae 


Table A-2: Area/job groups ranked by all-incidents rate 


Area/job 


Man days Cum. % 


in study man day 





High incident rates: 
Decontamination 

Fuel plants 

High level waste 

North group 

Ponds West 

Windscale piles & B29 
Reprocessing (old) 
TOTAL - high rate areas 


Intermediate incident rates: 
R&DD 

Reprocessing (new) 

Maintenance - sep area 

TOTAL - intermediate rate areas 


Low incident rates: 

Site Transport 

Effluent plants 

Waste management 
Training 

Maintenance - electrical/instruments 
Windscale Nuclear Labs 
Chemical plumbers 
Advanced Gas Reactor 
Calder 

Main workshop 
Unknown/other sites 
Draughtsmen & other office workers 
Police 

Graphite workshop 
Maintenance - painters 
Pond 5/SIXEP 

Stores 

Health Physics monitors 
Changerooms 

THORP 

Maintenance - plumbers 
Maintenance - non active 
Oxide ponds 

TOTAL - low rate areas 


GRAND TOTAL 


12657 
118939 
32228 
13669 
75233 
15767 
27176 
295669 


209895 
95937 
83930 

349762 


4932 
6451 
6577 
40718 
28116 
49557 
10584 
38484 
94653 
46199 
85487 
85383 
28877 
16806 
13476 
5130 
4963 
3149 
2756 
2049 
1916 
1639 
365 
578267 


1223698 














Incidents | ; 

No. Rate per 10 man-years 

Central 95% Cl 

Low High 

1.0 18 9.107 eo.0f° ~ 3.18 
10.8 130 3.98 3.31 4.74 
13.4 28 3.16-82:10°° 4,5/ 
14.5 ef 2.93 1.46 5.24 
20.7 o7 2:16, 2.053.598 
21.9 10 201, Beith Dice 
24.2 ie 226 1:35: 3.65 
271 3.34 2.95 3.75 

41.3 80 hod ee ber Sleds 
45.9 19 1.24. 30/4" 1.93 
52.7 23 1.00 063 #1.50 
122 L2f 1.06 1.51 

53.1 1 0.74 0.02 4.11 
93.7 1 0.56 0.01 3.15 
54.2 1 Oma, 0:01) 3.06 
97.5 6 0.54 020 £1.17 
99.8 4 0.52 014 1.33 
63.9 7 Uoie) O2di 1.06 
64.8 1 Dotter dove 
67.9 3 0.28 006 0.83 
15.6 4 0.15 004 0.39 
19.4 1 0.08 0.00 0.44 
86.4 1 0.04 0.00 0.24 
93.4 0 0.00 0.00 0.16 
99.7 0 0.00 0.00 0.47 
97.1 0 0.00 0.00 0.80 
98.2 0 0.00 0.00 1.00 
98.6 0 0:00; 000° =2:62 
99.0 0 0.005 0:00— 2.77 
99.3 0 0.00 000 4.27 
ooo 0 0.00 0.00 4.88 
SLT 0 0.00 0.00 6.56 
99.8 0 0.00 0.00 £7.02 
100.0 0 0.00 0.00 8.20 
100.0 0 0.00 0.00 36.82 
30 0.19 0.13 0.26 

423 1.26 1.14 1.38 


Table A-3: Numbers of cases in the 10 age-matched strata 
for conditional logistic regression of post-conception 
variables 


Case group Mid-point 
Stratum LLNH LNHL OCAN age (years) 








0.88 
1.63 
PAR 
2.56 
4.30 
4.97 
7.88 
10.30 
18.50 


23.50 


COMOMNAMAWN = 
RO =e. NaN Nat 
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Table A-4: Comparison of log odds ratio estimates and their standard errors for 
selected pre-conception variables, as derived from unconditional (GLIM) and 
conditional (EGRET) logistic regression analyses. 














7 GLIM EGRET GLIM/EGRET ratio 

Variable estimate standard estimate standard estimate standard 

error error error 
XG 0.01041 0.003616 0.009783 0.0029 1.06 1 re 
SEAS 1.942 0.6431 2.05 0.615 0.95 1.05 
LDOS 1.473 0.7859 Oo) 0.792 0.89 0.99 
PJ8 2.536 0.6942 2.305 0.591 1.10 ya be 
TEN2 1.699 0.6549 V3 0.591 0.98 AA 
TRI2 0.01001 0.001587 0.008994 0.00148 rae 1.07 


Average ratio: 1.02 1.11 


Table A-5: Summary of the strength of statistical association between outcome variable LLNH 
(Lymphatic leukaemia & NHL) and potential explanatory variables. 


Continuous analysis Grouped analyses 





(variates only, all Three or more Two groups 
deviance changes groups (all deviance 
on 1 df) changes on 1 df) 
Variable dev p_sign dev df p_sign _dev p__ sign 
A: Variables not dependent on choice 
of pre-conception exposure window 
DOBQ Child's date of birth IZ7 Tt 0.080 1.6 0.20 
DOSQ Date of start at Sellafield 11¢4s oy, 0.12 4.3 0.038 - 
QUIQ  Sellafield quit date uke Bs ey A 0.18 43 0.038 + 
DODX Date of diagnosis ao eo 0.32 
SEX Sex 0.3 0.58 
FAGE Father's age at child's conception 64 2 0.042 + 
FBTH Father's place of birth 0.0 0.86 
SEAS Seascale resident at birth 7.0 0.008 + 
JOBC Jobclass 0.0 0.90 
PCE In workforce before child's conception 0.3 0.60 
TIME Years from start at Sellafield to child's 6.2 0.013 + 2.0 ae 0.28 0.3 0.60 
conception (or Sellafield quit if earlier) 
DIST Distance from Sellafield site to 3.9 0.050 - 0.5 0.46 
child's residence at birth 
MIGR_ Migrant index for place/area of birth 7.3 0.0007 + rag i ae. 0.26 0.4 0.92 
B: Variables evaluated over total 
pre-conception period 
B1: Measured radiation exposure 
XG External radiation (x & gamma) 7.5 0.006 + 19° 2 0.38 ale 0.29 
HIDA Total monitored days covered by 44 0.040 + Ol je2 0.94 0.0 0.85 
badges with dose rate > 0.5mSv/day 
RMAX Maximum monitored dose rate 0.0 0.97 1.002 0.47 1.1 0.28 
NEUT Days in any neutron job 3.4 0.060 my er. 0.21 2.3 0.13 
NHI Days in high neutron job 0.1 0.82 08 2 0.66 0.0 0.90 
IT Internal radiation (all nuclides) 0.3 0.61 Te ae 0.56 0.0 0.92 
IA Internal radiation (alpha emitters) 0.1 0.77 0.2, 72 0.91 0.2 0.69 
ITRI Internal radiation (tritium) 0.3 0.61 O.9F52 0.63 0.9 0.34 
B2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene 1.9 0.16 pe 3 0.38 1.9 0.16 
C3 Arsenic & compounds Za 0.15 1.9-52 0.39 0.9 0.36 
C4 Benzene 2.6 0.10 29 “2 0.24 2.9 0.089 
C7 Butex (used/degraded) 0.1 0.73 2.65 2 0.28 0.5 0.48 
C8 Chromates/di-chromates 6.3 0.012 + Bee ag iv" 4 0.18 0.0 0.88 
Cg Formaldehyde/formalin 11.2 0.0008 + 3.9 2 0.14 22 0.13 
C10 ~~ Graphite dust 0.8 0.37 SeeiZ 0.21 0.1 0.71 
C11 Hydrazine 0.0 0.95 072.52 0.92 0.1 0.76 
C12 ~—_Hydrofluoric acid 7.9 1 0.00554 29:72 0.23 2.7 0.10 
C13 Kerosene (used/degraded) 0.6 0.45 O2ee2 0.92 0.1 0.70 
C14 ~~ Lead & compounds tS 0.21 44 2 0.11 3.1. 0.078 
C15 = Mercury 0.7 0.41 rE OY. 0.28 0.1 0.74 
C16 ~~ Phosphoric acids 1.9 0.17 25°. 2 0.24 1.8 0.17 
C17 __—~Picric acid 6.8 0.009 + 1.5 2 0.46 0.4 0.55 
C20 = Chloroform 0.3 0.58 2.0 2 0.38 0.6 0.44 
C23 _ Trichloroethylene 19 017 46 2 0.10 0.0 0.97 
C24 = Carbon tetrachloride 1:3 0.26 g Pr ce. 0.42 1a 0.30 
C26 TTA 0.0 0.88 19.2 0.39 0.0 0.92 
C28 Zinc and compounds 4.2 0.040 - Jide 0.21 1.8 0.18 
C31 Alpha in air (Pu) 0.5 0.49 OT 9-2 0.71 0.5 0.50 
C32 Alpha in air (U) 16 0.20 O72 Ori 0.2 0.69 
C33 Beta/gamma (only) in air 1.9 0.17 1.92 0.46 0.0 0.83 
TRI4/TEN1 Tritium (4st assessment) 22.9 2E-06 + 10.3 2 0.0057 + 7.6 0.0059 + 
TRI2/TEN2 Tritium (extended assessment) 23.1 2E-06 + 8.1 2 0.0018 + 6.0 0.014 + 


ro continued.. 
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Table A-5 (cont.) Continuous analysis Grouped analyses 


Three or more Two groups 
groups 
Variable dev p sign dev df p_ sign dev p_ sign 
B3: Actual and potential contamination 
NDCN Total decontamination visits 0.6 0.42 Bt2 0.21 1.6 0.21 
NALP Number of alpha contaminations 4.2 0.040 + 20-2 0.27 at 0.15 
NBEG Number of beta/gamma contaminations 0.1 0.75 2.4 1 0.31 2.3 0.13 
HEAV Number of "heavy" contaminations 0.0 0.86 18° 2 0.40 0.1 0.75 
CLEA Number of "not clear" contaminations 0.6 0.44 09 2 0.64 0.8 0.38 
CON1 Time in most contaminating jobs 0.3 0.58 6/2 0.73 0.3 0.57 
CON2 Time in any contaminating job 3.5 0.061 Nr ae B®: 0.12 0.0 0.88 
FIRE Involved in Windscale fire 2 0.27 
IN57 ~— In workforce on 10/10/57 1.4 0.23 
B4: Work area/job (if more than %5 of period) 
PJ1 R&DD - chemical 0.2 0.65 
PJ2 R&DD - mechanical 2.0 0.15 
PJ4 High level waste PME 0.14 
PJ6 Effluent plant 0.5 0.46 
PJ7 Windscale piles & B29 2.0 0.16 
PJ8 Calder 11.6 0.0007 + 
PJ9 Ponds West 24 0.15 
PJ12 Reprocessing (old) 0.0 0.98 
PJ16 Fuel plants 0.1 0.70 
PJ17 Windscale Nuclear Labs aT 0.19 
PJ18 Advanced Gas Reactor Za 0.10 
PJ19 Main workshop 1.1 0.31 
PJ20 Graphite workshop 0.9 0.35 
PJ21 Maintenance - sep area 0.0 0.87 
PJ22 Maintenance - non active 0.4 0.53 
PJ25 Changerooms 0.1 0.76 
PJ29 Training 4.1 0.043 - 
PJ31 Police 0.3 0.60 
C: Variables evaluated over 12 weeks 
pre-conception period 
C1: Measured radiation exposure 
XG External radiation (x & gamma) 0.0 0.96 i ET Pe’ 0.42 1.6 0.20 
HIDA Total monitored days covered by badge 2.0 0.16 2:0°"2 0.38 2.0 0.16 
with dose rate > 0.5mSv/day 

RMAX Maximum monitored dose rate 0.7 0.41 Zyone 0.26 2? 0.14 
NEUT Days in any neutron job 2.4 0.12 22. 0.14 22 0.14 
NHI Days in high neutron job 0.1 0.72 1 71 0.72 0.1 0.72 
IT Internal radiation (all nuclides) 0.9 0.34 OO 0.92 0.1 0.71 
IA Internal radiation (alpha emitters) 0.9 0.33 2a 0.90 0.2 0.66 
ITRI Internal radiation (tritium) 0.4 0.53 04 2 0.82 0.4 0.53 
C2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene 173 0.25 y bes le 0.52 1.3 0.25 
C3 Arsenic & compounds 0.8 0.37 O8 .2 0.67 0.8 0.37 
C4 Benzene 2.5 0.11 5.9) 2° 70,053 0.0 0.85 
C7 Butex (used/degraded) 1.8 0.18 1,0 ad 0.18 1.8 0.18 
C8 Chromates/di-chromates aot 0.30 06 2 0.76 0.0 0.92 
C9 Formaldehyde/formalin 0.3 0.57 Wes air 0.85 0.3 0.57 
C10 Graphite dust 3.7 0.054 - (ag 0.16 3.7 G.053 
C11 Hydrazine 0.4 0.50 08 2 0.66 0.0 0.82 
C12. ~—_Hydrofluoric acid SoG ERD i 40 2 0.13 3.6 0.058 
C13 Kerosene (used/degraded) 0.7 0.41 “fon Pg 0.56 1.1 0.30 
C14 ~Lead & compounds ms 0.10 J ge 22 1.9 0.16 
C15 = Mercury 2.9 0.088 ve Mose 0.23 2.9 0.088 
C16 ~~ Phosphoric acids 0.2 0.65 DA a2 0.83 0.4 0.55 
C17 __—sC~PPicrric acid see AMAA d7.7 2 °0.0002-+ 1.1 0.28 
C20 Chloroform 0.5 0.48 ce baer. 0.57 0.0 0.85 
C23 _—‘ Trichloroethylene 0.6 0.44 1.2 cue 0.44 0.2 0.66 
C24 ~—- Carbon tetrachloride 0.8 0.37 1.6.02 0.45 1.4 0.24 
C26 TTA 3:7. ~-0,054<+ 26? 0.25 0.6 0.43 
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Table A-5 (cont.) Continuous analysis Grouped analyses 











Three or more Two groups 
groups 

Variable dev p__ sign dev df p__ sign dev p__ sign 
C28 Zinc and compounds 6.4 0.011 - 6.4 2 0.040 - 6.4 0.011 - 
C31 ~— Alpha in air (Pu) 0.1 0.81 Ete 0.78 0.1 0.77 
C32 ~~ Alpha in air (U) 1:7 0.19 2:0) me 0.25 0.4 0.52 
C33 = Beta/gamma (only) in air 2.9 0.090 43 2 0.12 0.4 0.50 
TRI1/TEN1 Tritium (1st assessment) 0.4 0.52 2a are 0.29 1.0 0.31 
TRI2/TENZ2 Tritium (extended assessment) 0.6 0.45 ya 4 0.25 1:3 0.26 
C3: Actual and potential contamination 
NDCN Total decontamination visits 0.8 0.37 08 2 0.66 0.8 0.36 
NALP Number of alpha contaminations 0.2 0.63 G2 7ae4 0.63 0.2 0.63 
NBEG Number of beta/gamma contaminations 0.6 0.44 06 «2 0.75 0.6 0.44 
HEAV Number of "heavy" contaminations 0.3 0.59 0:3.a01 0.59 0.3 0.59 
CON1 Time in most contaminating jobs 0.2 0.64 ORG Bey 0.88 0.2 0.64 
CON2 Time in any contaminating job 0.0 0.93 U2 2 0.88 0.0 0.98 
C4: Work area/job (weighted days in 12 week 
pre-conception period) 
JB1 R&DD - chemical 0.1 0.76 O22 0.90 0.1 0.74 
JB2 R&DD - mechanical 2.4 0.12 Z5 22 0.28 2.0 0.15 
JB4 High level waste # 2.1 0.15 
JB6 Effluent plant # 0.3 0.61 
JB7 Windscale piles & B29 # 0.6 0.43 
JB8 Calder # 1.5 0.22 
JB9 ~—— Ponds West 1:5 0.22 18. 2 0.47 1:5 0.22 
JB12 Reprocessing (old) # 1.4 0.24 
JB16 ~—- Fuel plants # 0.0 0.94 
JB17  Windscale Nuclear Labs # 17. 0.19 
JB18 Advanced Gas Reactor # 1.1 0.30 
JB19 Main workshop # 0.8 0.37 
JB20 Graphite workshop # 0.2 0.63 
JB21 Maintenance - sep area 0.2 0.65 0.392 0.88 0.2 0.66 
JB22 Maintenance - non active # 0.2 0.63 
JB25 Changerooms 0.3 0.59 06 2 0.75 0.3 0.59 
JB29 Training # 0.1 0.73 
JB31 Police # 0.3 0.60 


# All non-zero case and control values equal: the continuous, 3 group and 2 group analyses are identical. 
D: Variables evaluated between conception and diagnosis 


D1: Actual and potential contamination 


NDCN Total decontamination visits 3.7 0.06 
NALP Number of alpha contaminations 3.0 0.02 + 
NBEG Number of beta/gamma contaminations Pr 0.19 
HEAV Number of "heavy" contaminations 0.9 0.34 
CLEA Number of "not clear" contaminations 1.8 0.18 
CON1 Time in most contaminating jobs 2.9 0.09 
CON2 Time in any contaminating job 1.6 0.21 


D2: Work area/job 


PJ1 R&DD - chemical 0.0 0.97 
PJ2 | R&DD - mechanical 0.8 0.37 
PJ4 High level waste 3:7 0.05 + 
PJ8 Calder 0.5 0.47 
PJ12 Reprocessing (old) 0.0 0.83 
PJ16 Fuel plants 0.1 0.82 
PJ17 Windscale Nuclear Labs 1.3 0.25 
PJ18 Advanced Gas Reactor 0.2 0.64 
PJ19 Main workshop 0.7 0.39 
PJ20 Graphite workshop 0.7 0.40 
PJ21 Maintenance - sep area 1.1 0.30 
PJ25 Changerooms 0.1 0.77 


PJ32__Draughtsmen & other office workers 0.2 0.68 


Table A-6: Summary of the statistical associations between outcome variable LNHL 
(Leukaemia & non-Hodgkins lymphoma) and potential explanatory variables. 








Continuous analysis Grouped analyses 
(variates only, all Three or more Two groups 
deviance changes groups (all deviance 
on 1 df) changes on 1 df) 
Variable dev p sign dev df p sign dev p__ sign 








A: Variables not dependent on choice 
of pre-conception exposure window 


DOBQ Child's date of birth 3.9 7 0.79 1.2 0.27 
DOSQ Date of start at Sellafield 10.8 7 0.15 3.5 0.063 
QUIQ_ Sellafield quit date 11.37 7 0.13 44 0.037 - 
DODX Date of diagnosis 3:0) 9.3 0.39 
SEX Sex 0.0 0.93 
FAGE Father's age at child's conception 8A° 2-  0.015-+ 
FBTH Father's place of birth 13 0.26 
SEAS Seascale resident mother/father 11.9 0.0005 + 
JOBC Jobclass 0.6 0.44 
PCE In workforce before child's conception 0.2 0.69 
TIME Days from Sellafield start to child's 5.1 0.023 + a:25 2 0.20 0.2 0.69 
conception (or quit if earlier) 
DIST Distance from Sellafield site to 3.8 0.050 - 1.4 0.23 
child's residence at birth 
MIGR_ Migrant index for place/area of birth 12.5 0.0004 + 5 2 0.080 0.6 0.78 
B: Variables evaluated over total 
pre-conception period 
B1: Measured radiation exposure 
XG External radiation (x & gamma) 6.6 0.010 + 20°72 0.37 0.2 0.63 
HIDA Total monitored days covered by 3.7 “0.0504 Oye 0.78 0.1 0.71 
badges with dose rate > 0.5mSv/day 
RMAX Maximum monitored dose rate 0.2 0.65 O27 2 0.87 0.2 0.63 
NEUT Days in any neutron job 2.0 0.15 16° 2 0.46 0.8 0.36 
NHI Days in high neutron job 0.2 0.65 0.9- 2 0.62 0.2 0.67 
IT Internal radiation (all nuclides) 0.3 0.59 252 0.29 0.1 0.75 
IA Internal radiation (alpha emitters) 0.1 0.74 i Ry Nase 0.59 0.4 0.51 
ITRI Internal radiation (tritium) 0.7 0.42 1:8. 2 0.40 0.3 0.57 
B2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene 25 0.11 2 2 0.28 25 0.11 
C3 Arsenic & compounds 1.3 0.26 14> 2 0.51 0.4 0.55 
C4 Benzene 0.2 0.66 44 2 0.11 0.0 0.89 
C7 Butex (used/degraded) 25 0.11 6.6 2 0.038* 0.0 0.85 
C8 Chromates/di-chromates 8.2 0.0043 + 8&2 2 9016 * 0.6 0.42 
C9 Formaldehyde/formalin 10.6 0.0011 + 3.6: bre 0.17 1.8 0.18 
C10 Graphite dust 1.5 0.22 25 2 0.23 0.0 0.95 
C11 Hydrazine 0.1 0.74 02 2 0.92 0.1 0.77 
C12 ~—_Hydrofluoric acid 6.0 0.014 + 1:55 <2 0.47 1:3 0.25 
C13 Kerosene (used/degraded) 0.1 0.72 G3 <2 0.85 0.1 0.74 
C14 ~—_Lead & compounds 0.0 0.99 4.8 2 0.089 0.6 0.44 
C15 Mercury 0.3 0.59 0.7 2 0.69 0.6 0.45 
C16 ~— Phosphoric acids 1.0 0.32 32) 2 0.21 0.1 0.71 
C17 __—sC—PPicric acid 5.6 . 0018 + Ean 2 0.53 0.2 0.70 
C20 Chloroform 0.3 0.60 O2 2 0.90 0.2 0.64 
C23 __‘ Trichloroethylene 3.2 0.074 ie. 2 C027 + 0.1 0.73 
C24 Carbon tetrachloride 0.7 0.39 a ae 0.31 1.8 0.18 
C26 TTA 0.5 0.47 S292" 0047 * 1.4 0.24 
C28 Zinc and compounds 6.1 0.013 - 48 2 0.092 3.5 0.063 
C31 ~— Alpha in air (Pu) 0.0 0.99 ye: ae 0.38 0.2 0.62 
C32  ~=Alphain air (U) 0.0 0.91 at 2 0.95 0.0 0.87 
C33 Beta/gamma (only) in air 0.3 0.62 i fae 0.97 0.0 0.89 
TRI1/TEN1 Tritium (1st assessment) 18.3 2E-05 + 65. 2- »0:042.+ 7.1 0.0076 + 
TRI2/TEN2 Tritium (extended assessment) 19.1 4E-05 + 50: 2 (0.081 6.1 0.014 + 
continued.. 
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Table A-6 (cont.) Continuous analysis Grouped analyses 





Three or more Two groups 
groups 
Variable dev p_sign dev df p_sign _dev p__sign 
B3: Actual and potential contamination 
NDCN Total decontamination visits 0.7 0.42 332. G2 0.20 2.9 0.090 
NALP Number of alpha contaminations. 3.0 0.081 155 ez 0.41 471 0.29 
NBEG Number of beta/gamma contaminations 0.2 0.67 41 2 0.13 40 0.040 + 
HEAV Number of "heavy" contaminations 0.1 0.72 ia. 2 0.42 0.0 0.92 
CLEA Number of "not clear" contaminations 5.4 0.021 + 6:8 <2: 720:033e 3.0 0.083 
CON1 Time in most contaminating jobs 1.3 0.26 200 ee 0.37 oT 0.20 
CON2 Time in any contaminating job 47 0.031 + 1.3: <2. 02604 0.0 0.85 
FIRE Involved in Windscale fire 0.8 0.38 
IN57 ~— In workforce on 10/10/57 1.8 0.18 
B4: Work area/job (if more than %5 of period) 
PJ1 R&DD - chemical 22 0.14 
PJ2 R&DD - mechanical aS 0.22 
PJ4 High level waste pkey 0.22 
PJ6 Effluent plant 0.8 0.37 
PJ7 Windscale piles & B29 1.0 0.31 
PJ8 Calder 8.6 0.0034 + 
PJ9 Ponds West 2.5 0.11 
PJ12 Reprocessing (old) 0.2 0.65 
PJ16 Fuel plants 0.5 0.46 
PJ17 Windscale Nuclear Labs ‘pes 0.28 
PJ18 Advanced Gas Reactor 2.1 0.15 
PJ19 Main workshop 1.4 0.23 
PJ20 Graphite workshop 0.4 0.55 
PJ21 Maintenance - sep area 0.1 0.80 
PJ22 Maintenance - non active 0.6 0.45 
PJ25 Changerooms 0.4 0.53 
PJ29 Training 5.1 0.024 - 
PJ31 Police 0.3 0.56 
C: Variables evaluated over 12 weeks 
pre-conception period 
C1: Measured radiation exposure 
XG External radiation (x & gamma) 0.3 0.58 41,0352 0.58 1.0 0.32 
HIDA Total monitored days covered by 2.9 0.090 2.90 2 0.23 2.9 0.090 
badges with dose rate > 0.5mSv/day 
RMAX Maximum monitored dose rate a3} 0.30 0.642 0.87 0.5 0.49 
NEUT Days in any neutron job 1.0 0.31 08 1 0.36 0.8 0.36 
NHI Days in high neutron job 0.0 0.91 054 0.91 0.0 0.91 
IT Internal radiation (all nuclides) 1.4 0.24 04 2 0.82 0.4 0.53 
IA Internal radiation (alpha emitters) 0.7 0.42 0.5502 0.78 0.5 0.49 
ITRI Internal radiation (tritium) 7.9 0.0050 + 35 2 0.17 1.6 0.21 
C2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene ud 0.20 a es 0.44 1.7 0.20 
C3 Arsenic & compounds aut 0.30 i bay De 0.58 Bol 0.30 
C4 Benzene 2.5 0.11 24 2 0.30 1.4 0.23 
C7 Butex (used/degraded) 0.0 0.92 06 4 0.43 0.6 0.43 
C8 Chromates/di-chromates 0.9 0.34 Ose 0.94 0.0 0.88 
C9 Formaldehyde/formalin 0.4 0.52 04 2 0.81 0.4 0.52 
C10 Graphite dust 4.8 0.029 - 48 2 0.091 48 0.029 - 
C11 Hydrazine 1.1 0.30 LoneZ 0.52 0.4 0.52 
C12 Hydrofluoric acid 3.2 0.076 J ee 0.22 25 0.11 
C13 Kerosene (used/degraded) 0.5 0.50 3.4 2 0.18 2.3 0.13 
C14 ~~ Lead & compounds 1.1 0.30 13°22 0.53 Az 0.27 
C15  =Mercury 3.7 0.054 - 37 72 0.16 3.7 0.054 - 
C16 ~~ Phosphoric acids 0.5 0.46 04 2 0.84 0.2 0.62 
C17 __—Picric acid 4.3 0.037 + 16.9 2 0.0002 + 0.8 0.36 
C20 = Chloroform 0.4 0.51 0 ss i". 0.87 0.2 0.69 
C23 __‘ Trichloroethylene 0.0 0.86 OF 22 0.70 0.0 0.96 
C24 ~~ Carbon tetrachloride 1.1 0.29 2202 0.34 2.1 0.15 
C26 TTA 40 0.045 + 26a e 0.27 2.4 0.12 
C28 Zinc and compounds 8.7 0.0032 - shrhe 72 Coals 8.7 0.0032 - 
C31 Alpha in air (Pu) / 0.1 0.80 OT 2 0.94 0.1 0.74 
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able A-6 (cont. ontinuous analysis rouped analyses 











Three or more Two groups 

roups 
Variable dev __p_ sign _dev df p_sign dev p__sign 
C32 = Alphain air (U) 0.8 0.36 05 2 0.79 0.3 0.60 
C33 + Beta/gamma (only) in air 2.4 Oi2 16 2 0.46 0.6 0.43 
TRI1/TEN1 Tritium (1st assessment) 0.1 0.75 1G 2 0.45 as 0.15 
TRI2/TEN2 Tritium (extended assessment) 0.2 0.63 ie See 0.39 2.6 0.11 
C3: Actual and potential contamination 
NDCN Total decontamination visits 2.0 0.16 Be. c2 (0052 0.4 0.51 
NALP Number of alpha contaminations # 0.3 0.56 
NBEG Number of beta/gamma contaminations vf 0.10 56 2 0.062 1.0 0.33 
HEAV Number of "heavy" contaminations # 0.4 0.53 
CLEA Number of "not clear" contaminations # (1 case, 0 controls; Fisher exact p=0.082) 
CON1 Time in most contaminating jobs 124 0.29 PS 0.57 t.1 0.29 
CON2 Time in any contaminating job 0.1 0.77 04 2 0.84 0.1 0.82 
INS57 ~—_ In workforce on 10/10/57 # (1 case, 0 controls; Fisher exact p=0.082) 
C4: Work area/job (days in 12 week 
pre-conception period) 
JB1 R&DD - chemical 1.0 0.31 1:2) ©2 0.54 0.9 0.33 
JB2 R&DD - mechanical 1.8 0.18 19 2 0.38 1S 0.22, 
JB4 High level waste # 1.4 0.23 
JB6 Effluent plant # 0.4 0.54 
JB7 Windscale piles & B29 # 0.9 0.33 
JB8 Calder # 0.8 0.37 
JB9 Ponds West 1.8 0.18 ene 0.41 1.8 0.18 
JB12 Reprocessing (old) # 2.1 0.15 
JB16 ‘Fuel plants # 0.1 0.80 
JB17 Windscale Nuclear Labs # 1.2 0.28 
JB18 Advanced Gas Reactor # 0.8 0.36 
JB19 Main workshop # A 0.29 
JB20 Graphite workshop # 0.3 0.56 
JB21 Maintenance - sep area 0.0 0.97 01 2 0.97 0.0 0.98 
JB22 Maintenance - non active # 0.3 0.56 
JB25 Changerooms 0.1 0.76 03 2 0.84 0.1 0.75 
JB29 Training # 0.1 0.71 
JB31 Police # 0.3 0.56 


# All non-zero case and control values equal: continuous, 2 group and 3 group analyses are identical. 
D: Variables evaluated between conception and diagnosis 


D1: Actual and potential contamination 


NDCN Total decontamination visits 25 0.12 

NALP Number of alpha contaminations 3.8. 7-01052 

NBEG Number of beta/gamma contaminations 1A 0.29 

HEAV Number of "heavy" contaminations 0.5 0.46 

CLEA Number of "not clear" contaminations 1.3 0.26 

CON1 Time in most contaminating jobs 1.1 0.29 

CON2 Time in any contaminating job 23 0.13 

D2: Work area/job 

PJ1 R&DD - chemical 1.6 0.21 
PJ2 R&DD - mechanical 0.3 0.59 
PJ4 High level waste 2.6 0.11 
PJ8 Calder 0.1 0.82 
PJ12 Reprocessing (old) 0.2 0.89 
PJ16 Fuel plants 0.3 0.57 
PJ17 Windscale Nuclear Labs 0.8 0.37 
PJ18 Advanced Gas Reactor 0.1 0.91 
PJ19 Main workshop 0.4 0.55 
PJ20 Graphite workshop 0.3 0.60 
PJ21 Maintenance - sep area 0.3 0.58 
PJ25 Changerooms 0.0 0.99 
PJ27 Health Physics monitors 0.1 0.73 


PJ32 Draughtsmen & other office workers 0.0 0.96 


Table A-7: Summary of the strength of statistical association between outcome variable OCAN 
(Cancers other than leukaemia & NHL) and potential explanatory variables. 


Continuous analysis Grouped analyses 


(variates only, all 
deviance changes 


Variable 


A: Variables not dependent on choice 
of pre-conception exposure window 


DOBQ Child's date of birth 

DOSQ Date of start at Sellafield 

QUIQ  Sellafield quit date 

DODX Date of diagnosis 

SEX Sex 

FAGE Father's age at child's conception 

FBTH Father's place of birth 

SEAS Seascale resident mother 

JOBC Jobclass 

PBE In workforce before child's birth 

TIME Days from start to quit at Sellafield 

DIST Distance from Sellafield site to 
child's residence at birth 

MIGR_ Migrant index for place/area of birth 


B: Variables evaluated over total 
pre-conception period 


B1: Measured radiation exposure 

XG External radiation (x & gamma) 

HIDA Total monitored days covered by 
badges with dose rate > 0.5mSv/day 

RMAX Maximum monitored dose rate 

NEUT Days in any neutron job 

NHI Days in high neutron job 


IT Internal radiation (all nuclides) 
rN Internal radiation (alpha emitters) 
ITRI Internal radiation (tritium) 


B2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene 


C3 Arsenic & compounds 
C4 Benzene 

C7 Butex (used/degraded) 
C8 Chromates/di-chromates 


cg Formaldehyde/formalin 

C10 Graphite dust 

C11 Hydrazine 

C12 ~—_Hydrofluoric acid 

C13 Kerosene (used/degraded) 
C14 Lead & compounds 

C15 Mercury 

C16 Phosphoric acids 
Ci7__—~Picric acid 

C20 Chloroform 

C23 __ Trichloroethylene 

C24 Carbon tetrachloride 

C26 TTA 

C28 Zinc and compounds 

C31 Alpha in air (Pu) 

C32 Alpha in air (U) 

C33 Beta/gamma (only) in air 
TRI1/TEN1 Tritium (1st assessment) 
TRI2/TEN2 Tritium (extended assessment) 





on 1 df) 
dev p__ sign 
3.5 0.062 
0.4 0.52 
0.0 0.88 
3.8 —0,0527- 
3.4 0.060 
4.9 0.030 - 
0.8 0.36 
1.6 0.20 
0.3 0.57 
0.1 0.76 
0.4 0.54 
0.2 0.69 
0.4 0.50 
0.1 0.81 
0.2 0.62 
2.0 0.16 
0.3 0.56 
0.8 0.38 
1.4 0.24 
0.5 0.48 
0.7 0.42 
0.7 0.39 
0.1 0.70 
0.8 0.36 
0.8 0.38 
0.8 0.38 
2.8 0.093 
PES 0.13 
0.6 0.45 
1.5 0.21 
0.3 0.57 
1.7 0.19 
3.0 0.090 
2.9 0.090 
20 0.10 





Three or more Two groups 
groups (all deviance 
changes on 1 df) 
dev df p_ sign dev p__ sign 
12.4 7 0.089 3.8 0.051 
45 7 0.72 1.0 0.32 
10:2827 0.18 3.3. 0.069 
253 0.32 
1.2 0.28 
24 2 0.30 
a: 7005004 
0.1 0.78 
0.7 0.41 
0.0 1.00 
5.2. 27 00r6 0.0 0.99 
1.0 0.30 
1.4 2 0.49 0.6 0.45 
77 2 0.02250 0.2 0.67 
7 fen? 0.27 1:7 0.19 
24-42 0.30 0.2 0.67 
24 2 0.29 124 0.30 
ae 0.37 0.4 0.53 
1:0 532 0.60 0.4 0.53 
ttane 0.58 0.8 0.38 
ghee: 0.54 132 0.26 
LT7mec! 0.43 0.6 0.42 
0.4 2 0.80 0.4 0.50 
06 2 0.73 0.5 0.46 
4:3; 2 0.12 0.7 0.39 
28e72 0.25 0.4 0.55 
Ome? 0.85 0.3 0.56 
13° 2 0.53 0.0 0.91 
1:2962 0.56 0.1 0.78 
122 0.56 0.1 0.75 
23% 2 0.32 0.9 0.34 
Sie 22 0.057 0.8 0.38 
16s 24,4 OMG 0.0 0.95 
Oe 2 0.94 0.1 0.72 
O8s.2 0.68 0.8 0.38 
voip Wey 0.26 0.0 0.88 
34° 2 0.19 3:30 0,067 
Zine 0.29 0.0 0.85 
ie. 2 0.58 0.1 0.79 
2a 2 0.34 0.9 0.34 
Tae 2 0.58 0.3 0.57 
2ice 2 0.33 a4 0.14 
t4e 2 0.49 1.0 0.33 
30% 2 0.23 3.8 0.052 
289-2 0.25 3.4 0.066 
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Table A-7 (cont.) Continuous analysis Grouped analyses 




















Three or more Two groups 
groups 
Variable dev p sign dev df p sign dev p__sign 
B3: Actual and potential contamination 
NDCN Total decontamination visits 0.1 0.80 05° 2 0.80 0.4 0.50 
NALP Number of alpha contaminations 2.2 0.14 eS Sg « 0.33 22 0.14 
NBEG Number of beta/gamma contaminations 0.0 0.99 OF. 2 0.91 0.1 0.70 
HEAV Number of "heavy" contaminations 0.0 0.85 1. eZ 0.42 0.1 0.78 
CLEA Number of "not clear" contaminations 0.1 0.72 0.4 2 0.82 0.2 0.64 
CON1 Time in most contaminating jobs 1.9 0.16 6.2 20.645 1.3 0.25 
CON2 Time in any contaminating job 5.9 0.015 - 89 2 0.012 - 2.9 0.090 
FIRE Involved in Windscale fire 0.7 0.41 
IN57 —_— In workforce on 10/10/57 1.4 0.23 
B4: Work area/job (if more than %5 of period) 
PJ1 R&DD - chemical 0.0 0.90 
PJ2 R&DD - mechanical 1.4 0.24 
PJ4 High level waste 1.3 0.26 
PJ6 Effluent plant 0.9 0.33 
PJ7 Windscale piles & B29 2.4 0.12 
PJ8& Calder 0.4 0.54 
PJ9 Ponds West 0.0 0.85 
PJ12 Reprocessing (old) 0.2 0.70 
PJ16 Fuel plants 0.4 0.54 
PJ17 Windscale Nuclear Labs 5.4 0.024 + 
PJ18 Advanced Gas Reactor 11 0.30 
PJ19 Main workshop 0.3 0.62 
PJ20 Graphite workshop 0.2 0.62 
PJ21 Maintenance - sep area 0.0 0.92 
PJ22 Maintenance - non active 1.3 0.26 
PJ25 Changerooms 0.3 0.57 
PJ29 Training 0.6 0.43 
PJ31 Police 2.8 0.10 
C: Variables evaluated over 12 weeks 
pre-conception period 
C1: Measured raiation exposure 
XG External radiation (x & gamma) 0.9 0.34 3.6 ae 0.17 Z 0.14 
HIDA Total monitored days covered by 3:27 20:070 i de 0.2 3.2 0.070 
badges with dose rate > 0.5mSv/day 
RMAX Maximum monitored dose rate at 0.10 3.6 2 0.17 1.5 0.22 
NEUT Days in any neutron job 0.0 0.91 0.1 1 0.76 0.1 0.76 
NHI Days in high neutron job 0.0 0.85 O41) 0.82 0.1 0.82 
IT Internal radiation (all nuclides) 0.1 0.82 Cite 0.95 0.1 0.75 
IA Internal radiation (alpha emitters) 0.1 0.79 1Q:ri2 0.59 0.7 0.39 
ITRI Internal radiation (tritium) 0.7 0.41 O:7 a2 0.71 0.7 0.41 
C2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Anthracene 2.3 0.13 VAG Se: 0.26 12 0.28 
C3 Arsenic & compounds 0.4 0.51 04 2 0.80 0.4 0.51 
C4 Benzene 3.6 0,053 + o2.72. 0.074 AOD e027 
C7 Butex (used/degraded) 0.4 0.53 1.9 4 0.17 1.9 0.17 
C8 Chromates/di-chromates 0.8 0.37 1, 2 0.61 0.4 0.51 
cg Formaldehyde/formalin 0.3 0.60 0.3 #2 0.87 0.3 0.60 
C10 Graphite dust 54 4020 + S77 tae 0,059 3.4 0.064 
C11 Hydrazine 0.2 0.66 1:00 ve 0.60 0.0 0.87 
C12  ~—Hydrofluoric acid 0.1 0.71 1,8: 92 0.40 4:3 0.26 
Ci3 Kerosene (used/degraded) 0.1 0.75 24 2 0.30 0.1 0.73 
C14 Lead & compounds 0.1 0.78 O9 <2 0.64 0.8 0.37 
C15 = Mercury 0.6 0.45 15° cz 0.45 0.2 0.64 
C16 ~—- Phosphoric acids 0.0 0.95 04 2 0.83 0.3 0.57 
C17 _~_—s—~PPicric acid 0.4 0.54 0.4 1 0.54 0.4 0.54 
C20 Chloroform 0.1 0.77 2) pe 0.25 0.6 0.43 
C23 __‘ Trichloroethylene 0.6 0.46 34 2 0.18 0.9 0.35 
C24 Carbon tetrachloride 2.3 0.13 49 2 0.088 0.6 0.44 
C26 TTA 0.0 0.85 iy oY. 0.28 1.4 0.24 
C28 Zinc and compounds 0.9 0.35 ote 0.59 0.3 0.55 
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Table A-7 (cont.) Continuous analysis Grouped analyses 








Three or more Two groups 
groups 

Variable dev p__sign dev df sign dev sign 
C31 ~— Alpha in air (Pu) 0.0 0.92 33 @2 0.19 0.7 0.41 
C32 Alpha in air (U) 0.2 0.68 3.3 2 0.20 0.2 0.65 
C33 Beta/gamma (only) in air 1.3 25 1072 0.62 1.0 0.32 
TRI1/TEN1 Tritium (1st assessment) 1.8 0.18 182 0.41 2.2 0.14 
TRI2/TENZ2 Tritium (extended assessment) 1.6 0.20 1.6 2 0.44 2.6 0.11 
C3: Actual and potential contamination 
NDCN Total decontamination visits 2.40 0.12 6.5° 2 @0040= 0.6 0.46 
NALP Number of alpha contaminations 0.3 0.57 03 1 0.57 0.3 0.57 
NBEG Number of beta/gamma contaminations 3.1 0.080 6.1. 2 ~0,0507¢ 1.1 0.29 
HEAV Number of "heavy" contaminations 0.4 0.53 0.4 1 0.53 0.4 0.53 
CLEA Number of "not clear" contaminations 0.0 1.00 0.0 0O 1.00 0.0 1.00 
CON1 Time in most contaminating jobs 3.1 » 0.077 14.5 2 0.0007 * 3.250075 
CON2 Time in any contaminating job 3.3 0.068 86 2 Q0144 3.5 0.062 
C4: Work area/job (weighted days in 12 week 
pre-conception period) 
JB1 R&DD - chemical 0.3 0.58 04 2 0.82 0.4 0.55 
JB2  R&DD - mechanical 1.4 0.24 VAveze 0.51 1.4 0.24 
JB4 High level waste # 0.7 0.41 
JB6 _—_s Effluent plant 2.80 0.090 15.4 2 0.0005 + 2.7 0.10 
JB7 Windscale pile & B29 # 1.0 0.31 
JB8 = Calder # 0.0 0.90 
JB9 Ponds West 1.3 0.25 Sie 0.52 1.3 0.25 
JB12 Reprocessing (old) # 22 0.14 
JB16 ‘Fuel plants 0.0 0.88 17.4 2 0.0002" 0.0 0.86 
JB17  Windscale Nuclear Labs # 1.1 0.30 
JB18 Advanced Gas Reactor # 0.6 0.44 
JB19 Main workshop # ; 0.4 0.50 
JB20 Graphite workshop # 3.2 0.076 
JB21 Maintenance - sep area 0.0 0.83 1.2 2 20026: 0.0 0.86 
JB22 Maintenance - non active # 0.3 0.56 
JB25 Changerooms 0.1 0.71 0.3%.2 0.86 0.1 0.70 
JB29 Training # 5.6 0.020 + 
JB31 Police # 2.8 0.10 


# All non-zero case and control values equal: continuous, 2 group and 3 group analyses are identical. 
D: Variables evaluated between conception and diagnosis 


D1: Actual and potential contamination 


NDCN Total decontamination visits 5.0 30,025 + 

NBEG Number of beta/gamma contaminations 9.1 0.003 + 

HEAV Number of "heavy" contaminations 40 0.046 + 

CLEA Number of "not clear" contaminations 1.0 0.33 

CON1 Time in most contaminating jobs 0.1 0.71 

CON2 Time in any contaminating job 0.7 0.42 

D2: Work area/job 

PJ1 R&DD - chemical ; 0.1 0.70 
PJ6 Effluent plant 3.1 0.081 
PJ7 _Windscale piles & B29 0.2 0.63 
PJ8 Calder 0.0 0.90 
PJ9 = Ponds West 0.7 0.40 
PJ12 Reprocessing (old) 0.2 0.67 
PJ13 Reprocessing (new) 0.1 0.77 
PJ16 Fuel plants 2.6 0.11 
PJ17 Windscale Nuclear Labs 0.5 0.49 
PJ19_ Main workshop Pag | 0.15 
PJ20 Graphite workshop 0.0 0.87 
PJ21 Maintenance - sep area 0.0 0.95 
PJ25 Changerooms 0.0 0.97 
PJ31___ Police 1.8 0.18 


: ; 


} 


Table A-8: Leukaemia & NHL cases by child's date of birth 









































Lymphatic leukaemia & NHL LR test 
Cases 95% Cl Change in: 
Date of birth Controls Obs Exp O/E OR from to deviance df p 
1950-54 14 2 0.44 4.58 
1955-59 25 0 0.68 0.00 0.00 0.00 1.19 
1960-64 29 4 0.73 5.45 143 Oslin 7:38 
1965-69 19 s 0.48 6.19 1.42 0.19 10.60 
1970-74 21 1 0.75 1.34 0.25 0.02 3.22 127 -£ 0.08 
1975-79 20 0 0.47 0.00 0.00 OOS 172 
1980-84 px! 2 0.35 5.78 14 Ota 9.32 
1985 + 28 0 Op 0.00 0.00 0.00 7.41 
Most significant 2-group split 
1950-69 87 fs) 233 3.86 
1970+ 92 3 1.67 1.80 0.43 0.7 ie 1:66 16. 4 0.20 
All leukaemias & NHL LR test 
Cases 95% Cl Change in: 
Date of birth Controls Obs Exp O/E OR from to deviance df p 
1950-54 14 2 0.76 2.63 
1955-59 25 3 1a 2.65 0.95 013. 6.87 
1960-64 29 4 Late 325 1.28 0.20 8.40 
1965-69 19 = 0.68 4.41 1.74 0.23 12.89 Se BT 0.79 
1970-74 21 1 0.95 1.05 0.34 0.03 4.41 
1975-79 20 1 0.57 1.74 0.57 0.04 7.29 
1980-84 23 a 0.42 4.74 1.59 0.19. 13.32 
1985 + 28 0 0.15 0.00 0.01 0.00 9.36 
Most significant 2-group split 
1950-69 87 12 3.20 3.25 
1970+ 92 4 2.10 1.91 0.52 Ry eng Bre 122-1 0.27 
Table A-9: Leukaemia & NHL cases by father's date of start at Sellafield 
Lymphatic leukaemia & NHL LR test 
Cases 95% Cl Change in: 
Date of start Controls Obs Exp O/E OR from to deviance df p 
1950-54 43 3 oe 210 
1955-59 29 3 0.72 4.15 1.66 0.30 9.41 
1960-64 A3 4 0.42 9.60 5.05 O93 27.54 
1965-69 12 0 0.25 0.00 0.00 0:00°""5:52 
1970-74 22 0 0.56 0.00 0.00 0.00 2.44 5 a 0.12 
1975-79 38 2 0.74 2.71 1.03 0.16 6.76 
1980-84 11 0 0.12 0.00 0.00 0.00 11.06 
1985 + 11 0 0.08 0.00 0.00 0.00 18.19 
Most significant 2-group split 
1950-64 85 10 2.25 4.44 
1965+ 94 2 pbrie 1.14 0.23 0.05 0.92 43 1 0.038 
All leukaemias & NHL LR test 
Cases 95% Cl Change in: 
Date of start Controls Obs Exp O/E OR from to deviance df p 
1950-54 43 6 1.82 3.30 
1955-59 29 3 1.14 2.62 0.78 GAts  f3.00 
1960-64 13 4 0.60 6.66 2.63 0:59-4:82 
1965-69 12 0 0.31 0.00 0.00 0.00 3.61 
1970-74 22 0 0.72 0.00 0.00 0.00 1.55 10.8 7 fig be 
1975-79 38 2 0.92 2.18 0.61 3G ia eis ss 
1980-84 11 1 0.17 5.98 2.12 O16 ° 20.11 
1985 + 11 0 0.12 0.00 0.00 0.00 9.65 
Most significant 2-group split 
1950-64 rida 13 3.56 3.65 
1965+ 94 3 220 1.34 0.32 0.09 1.18 <i Ree 0.063 


Table A-10: Leukaemia & NHL cases by father's date of leaving Sellafield 




















Lymphatic leukaemia & NHL LR test 
Cases 95% Cl Change in: 
Quit date Controls Obs Exp O/E OR from to deviance df p 
1950-54 6 0 0.13 0.00 0.002 0.00 8.04 
1955-59 5 0 0.16 0.00 0.0006 0.00" aai53 
1960-64 12 0 0.44 0.00 0.0006 0.00 2.38 
1965-69 10 1 0.26 3.86 1.09 0.12 10.14 10: ty ns 0.18 
1970-74 8 0 0.32 0.00 0.0005 0.00. 3.27 
1975-79 13 3 Bis 9.26 3.39 0.71 16.23 
1980-84 20 1 0.38 2.60 0.69 0.08 6.10 
1985 + 105 ij 1.98 eof) 
Most significant 2-group split 
1950-74 41 1 1.31 0.76 
1975+ 138 cb 2.69 4.09 5.O7 1.09 it Va 43. "4 0.038 
All leukaemias & NHL LR test 
Cases 95% Cl Change in: 
Quit date Controls Obs Exp O/E OR from to deviance df p 
1950-54 6 1 0.21 4.66 132 0.13%, 1207 
1955-59 3) 0 0.29 0.00 0.0008 0.00 3.45 
1960-64 12 0 0.69 0.00 0.0009 0.00, »4h45 
1965-69 10 1 0.39 2.54 0.65 0.07 5.80 115d, oh 0.13 
1970-74 8 0 0.43 0.00 0.0009 0.00 2.33 
1975-79 13 3 0.51 5.93 2.03 0.44 9.32 
1980-84 20 1 0.56 1.79 0.43 0.05 3.69 
1985 + 105 10 Pate 3.69 
Most significant 2-group split 
1950-74 - 41 2 2.02 0.99 
1975+ 138 14 3:18 Silo 4.19 AA Neenah 44 1 0.037 


Note: Odds ratios calculated relative to the final (1985+) sub-group. 


Table A-11: Leukaemia & NHL cases by date of diagnosis 


Lymphatic leukaemia & NHL 


























Cases 95% Cl 
Date of diagnosis Obs Exp O/E from__to 
1950-59 0 0.22 0.00 0.00 17.6 Confidence intervals 
1960-69 3 O73 4.11 0.84 12.4 for O/E ratios. 
1970-79 6 ioe 4.51 1.649104 Test for equal 
1980+ 3 WA eth) 0.36," Stes O/E ratios, p=0.32 
All leukaemia & NHL 
Cases 95% Cl 
Date of diagnosis Obs Exp OIE from___ to 
1950-59 0 0.38 0.00 0.00 10.2 Confidence intervals 
1960-69 4 1:26 Gabe 0.86 8.43 for O/E ratios. 
1970-79 t 1,85 326 150, 8.03 Test for equal 
1980+ 5 2.30 as Neg 0.70, 2 S17 O/E ratios, p=0.39 








Note: Since controls do not have a diagnosis date, there is no corresponding control distribution by this factor. 
The expected case numbers in each period are calculated from the number and age distribution of all controls 
alive and under observation in that period. 


Table A-12: Leukaemia & NHL cases by selected explanatory factors 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 


Full 3-group data for all leukaemia & NHL shown in Table A-57. 








LR test 
Cases 95% Cl Change in: 

Variable Controls Obs Exp O/E OR from to deviance df p 
Sex 

Male 93 6 (3) ZS 2.58 
Female 86 6 (1) 1.68 3.58 1.40 0.43. .4.55 03° 4 0.58 
Father's age 

<25 36 0 0.85 0.00 0.00 0.00 0.91 

25-34 109 8 (2) 2.30 3.48 0.70 O19 2.56 6.4 2 0.042 

Sot 33 4 (2) 0.84 4.79 
Seascale resident at birth 

No 140 8 (2) Gahas Py hs 

Yes 39 4 (2) 0.28 14.44 6.97 1.98 24.59 TO" 0.0080 
Father's birth place 
Cumbria 103 8 (1) 2.56 343 
Elsewhere 62 4 (3) Oe 3.56 CW D522 3.05 0.0 1 0.86 
Job class 
Industrial 118 9 (2) 3.10 2.91 
Non-industrial 61 3 (2) 0.91 3:31 1.09 0.29 4.16 0:0--~1 0.30 
Work on Calder during 


total pre-conception period 
<=5% of time 164 7 (4) 3.68 1.90 
>5% of time 15 5 0.32 15.48 12.63 3.24 49.23 11.6 1 0.00067 


Table A-13: Observed and expected leukaemia & NHL cases by residence at birth, distance 
from plant and migration index of birth place/area. 








Birth place/Band Distance(km) Migration Cases (LNHL) O/E 95% Cl 
from plant index Controls Observed Expected ratio from to 
Band 1 <3 1.00 4 0 0.092 0 0 85 
Seascale 3 4.49 39 6 0.41 14.8 9.2 31 
Band 2 3-7 0.23 13 1 0.60 166 004 11.4 
Egremont 7 0.56 14 2 0.52 3.88 0.45 Ps 
Band 3 7-11 0.33 12 0 0.34 0 0 13 
Cleator Moor a 0.26 18 1 0.81 1.255 7.9 
Band 4 11-13.5 0.15 5 0 0.16 0 0 39 
Frizington 13.5 0.43 10 1 0.35 2.83 “OOF 21 
Band 5 13.5-15 0.00 2 0 0.10 0 0 78 
Whitehaven 15 0.28 tle 4 1.44 2.78 0.74 7.8 
Band 6 >15 0.15 29 1 0.97 1.03. . 0:03 6.2 
Totals 
population centres (all) 116 14 2293 3.91 sees 6.9 
population centres (excluding Seascale) 77 8 3.12 2.56... 1.08 5.3 


other 63 2 2.26 0.88 0.11 3.3 


Table A-14: Leukaemia & NHL cases by time from father's start date to child's conception 
date (or quit date if earlier) (variable TIME) 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 
Full 3-group data for all leukaemia & NHL shown in Table A-57. 


























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 0.408 0.494 
TIME 0.162 0.061 1.176 1.043 1.326 6.2 1 0.013 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from __to p trend 
3 groups 
TIME = 0 24 2 (1) 0.96 2.07 
TIME 0.1 to m 78 3/(1) 1.60 1.87 0.83 0.73 <5,49 0.28 0.18 
TIME > m a 7 (2) 1.43 4.88 2.36 0.44 12.73 
2 groups 
TIME = 0 24 2 (1) 0.96 2.07 


Exposed (>0) 155 10 (3) 3.04 3.29 1.53 0.31 7.65 0.60 


Median non-zero TIME value for controls (m) = 4.01 years 


Table A-15: Leukaemia & NHL cases by father's cumulative recorded external 
radiation exposure prior to child's conception (variable XG) 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 


Full 3-group data for all leukaemia & NHL shown in Table A-57. 























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 0.526 0.443 
XG 0.010 0.004 1.010 1.003 1.018 75 1 0.0063 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from __to p trend 
4 groups 
0 35 2 (2) igs 1.62 0.58 Oty 
0.1-49 mSv 89 4 1.48 2.71 1.64 0.28 9.66 
50-99 mSv 27 3 (1) 0.69 4.37 2.84 0.43 18.88 
100+ mSv 28 att) 0.61 4.93 219 0.48 21.24 
3 groups 
0 35 2 (2) 2a 1.62 
0.1-33.2 mSv tz 3 1.19 2.52 1.52 0.24 9.83 0.38 0.17 
33.3+ mSv f2 7 (2) 1.58 4.43 2.84 0.54 14.84 
2 groups 
0 35 2 (2) 4 PS 1.62 
>0 144 10 (2 20t 3.61 2.25 0.47 10.72 0.29 


Median non-zero XG value for controls (m) = 33.2 mSv 


Table A-16: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
butex during the total pre-conception period (variable C7) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 


Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 




















Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 1.220 0.429 
C7 0.001 0.001 1.001 1.000 1.002 22 1 0.11 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from __to p trend 
3 groups 
Unexposed 65 6 (5) 1.63 3.68 
C7 0.1 tom AZ 0 0.45 0.00 0.00 0.00 2.24 0.037 0.29 
C7>m 11 34) 0.28 10.77 4.00 0.77 20:82 
2 groups 
Unexposed 65 6 (5) 1.63 3.68 
Exposed (>0 23 ou & On 4.14 1.16 0.26 5.26 >0.5 


Median non-zero C7 value for controls (m) = 570.4 weighted days 


Table A-17: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
chromates/di-chromates during the total pre-conception period (variable C8) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 


Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 


























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se Estimate from to deviance df p 
Mean 0.672 0.479 
C8 0.003 0.001 1.003 1.001 1.004 8.2 1 0.0043 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from ___ to p trend 
3 groups 
Unexposed 59 4 1.63 2.46 
C8 0.1 tom 16 0 0.54 0.00 0.00 0.00 2.78 0.016 0.079 
C8>m 16 4 (2) 0.41 9.80 5.34 1:17-*25.69 
2 groups 
Unexposed 59 4 1.63 2.46 
Exposed (>0 32 4 0.95 4.20 1.84 0.42 8.10 0.42 


Median non-zero C8 value for controls (m) = 300.2 weighted days 


Table A-18: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
trichloroethylene during the total pre-conception period (variable C23) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 
Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 





























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 0.877 0.552 
C23 0.001 0.000 1.001 1.000 1.002 Ke 1 0.074 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from-to p trend 
3 groups 
Unexposed 13 Oh) 0.34 2.98 
C23 0.1 to m of (4) ay, 0.90 0.28 0.02 4.94 0.027 0.035 
C23 >m af 8 (6) wah 7.16 2.97 0.32 27.54 
2 groups 
C23 <=m 50 2 (2) 1.45 1.38 
C23 >m 3k 8 (6) Late 7.16 6.75 437. 20.4 0.011 
2 groups 
Unexposed 43 1 (1) 0.34 2.99 
Exposed (>0 74 9 (7 OBOE 4.03 1.45 0.16 12.86 ve 


Median non-zero C23 value for controls (m) = 450.5 weighted days 


Table A-19: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
TTA during the total pre-conception period (variable C26) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 


Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 














Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 2,605 0.331 
C26 0.001 0.001 1.001 0.999 1.003 0.5 1 0.47 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from-to p trend 
3 groups 
Unexposed 94 9 (8) 233 3.86 
C26 0.1 tom 8 0 0.22 0.00 0.00 0.00 4.37 0.017 0.050 
C26 >m 7 3 (1) 0.15 20.68 10.29 1.83 57.90 
2 groups 
Unexposed 94 9 (8) 209 3.86 
Exposed (>0 ae ONT 0.36 8.25 2.58 R55 244 52 0.24 


Median non-zero C26 value for controls (m) = 329.3 weighted days 


Table A-20: Leukaemia & NHL cases by duration of father's assessed potential exposure to tritium 
prior to child's conception (based on original tritium assessment variables TRI1 and TEN1). 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 
Full 3-group data for all leukaemia & NHL shown in Table A-57. 




















Continuous analysis OR increment per unit LR test 
95% Cl Changein: _ 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 0.915 0.433 
TRI1 0.010 0.0016 1.010 1.007 1.013 22.9 1 <.00001 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from ___to p trend 
3 groups (variable TRI1) 
Unexposed 87 5 (4) 213 2:39 
TRI1 0.1 tom 8 Pe 0.13 14.97 8.29 1526 54 7 0.G0s7, 0.0018 
TRI1>m i 3 0.15 20.29 15.9 2.52 100.6 


2 groups (variable TEN1) 
Unexposed 87 5 alas 2.35 
Exposed 18 5 0.37 13.54 tokd 1.91: 31.59870.0059 


Median non-zero TRI1 value for controls (m) = 168 weighted days 


Table A-21: Leukaemia and NHL cases by measures of father's involvement in contamination incidents 
prior to child's conception 


Lymphatic leukaemia & NHL 






































Variable Cases 95% Cl p for 
Controls Obs Exp O/E OR from _=_—ito p trend 
All contamination incidents 
0 139 4 2.98 2.35 0.21 0.096 
1or2 26 2 0.67 3.00 hoe 0.25 6.94 
>2 14 3 0.36 8.41 4.31 0.95 19.6 
Alpha contaminations 
0 170 10 3.78 2.64 0.27 0.11 
1 6 1 0.16 6.38 2.66 0.28 29.5 
>1 3 1 0.07 14.97 9.37 0.63 139 
Beta/gamma contaminations 
0 143 T 3.08 aet 0.31 0.13 
1or2 24 3 0.61 4.89 2.40 056 104 
>2 12 2 0.31 6.45 323 O57 (181 
"Heavy" contaminations 
0 168 11 3.76 2.93 0.40 0.91 
1 6 1 0.11 9.20 3.68 0.36 37.4 
>1 S 0 0.13 0.00 0.01 0.00 9.51 
"Not clear" contaminations 
0 174 11 Sor 2.84 0.64 0.44 
1 4 1 0.11 8.05 3.43 O22" 36.3 
>1 1 0 0.01 0.00 0.07 0.00 193 
All leukaemia & NHL 
Variable Cases 95% Cl p for 
Controls Obs Exp O/E OR from__—itto p trend 
All contamination incidents 
0 139 i) 4.33 2.08 0.20 0.078 
1or2 26 4 0.98 4.09 PIR 0.690" 8.114 
>2 14 3 0.49 6.15 3.48 0.80 15.13 
Alpha contaminations 
0 170 14 5.46 2.56 0.41 0.20 
1 6 1 0.24 4.10 1.69 0.18 15.86 
>1 3 1 0.091 11.0 6.66 046 93.51 
Beta/gamma contaminations 
0 143 9 4.48 2.01 0.13 0.088 
1or2 24 2 0.89 5.60 3.47 1.01 11.89 
>2 1 2 0.42 4.81 2.67 0.49 14.43 
“Heavy” contaminations 
0 168 15 5.47 273 0.42 0.76 
1 6 1 0.14 6.94 2.85 0.28 28.46 
>1 5 0 0.18 0.00 0.011 0.00 7.66 
“Not clear" contaminations 
0 174 14 5.60 2.50 0.033 0.021 
1 4 1 0.19 5.39 251 0.24 26.01 
>1 1 1 0.012 86.5 264 2.62 26556 


Table A-22: Leukaemia & NHL cases by father's time in "most contaminating" jobs 


Lymphatic leukaemia & NHL 








prior to child's conception (variable CON1) 









































Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se Estimate from to deviance df p 
Mean 1.299 0.331 
CON1 -0.0003 0.0005 0.9997 0.9987 1.0010 0.3 1 0.58 
Grouped analyses Cases (LLNH) 95% Cl p for 
Controls Obs Exp O/E OR from __to p trend 
3 groups 
Unexposed 23 9 pee) 3.29 
CON1 0.1 tom 28 1 0.62 1.61 0.45 0.05. ene 0.73 0.73 
CON1 >m 28 2 0.65 3.09 0.90 0:18" 4.52 
2 groups 
Unexposed t23 9 PO 3.29 
Exposed (>0) 56 3 ee 2.36 0.68 OSE Ze Ober f 
All leukaemia & NHL 
Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 1:32) 2 O:292 
CON1 -0.0005 0.0005 0.9995 0.9984 1.0000 eS: 1 0.26 
Grouped analyses Cases (LNHL) 95% Cl p for 
Controls Obs Exp O/E OR from-to p trend 
3 groups 
Unexposed 123 43 3.96 3.28 
CON1 0.1 tom 28 1 0.89 talZ 0.30 0.04 2.40 0.3F 0.30 
CON1 >m 28 2 0.94 2.43 0.59 0.12 ~2.62 
2 groups 
Unexposed 123 13 3.96 3.28 
Exposed (>0 56 3 1.83 1.64 0.44 0.120 tee 0.20 


Median non-zero CON1 value for controls (m) = 933.5 days 


Table A-23: Leukaemia & NHL cases by father's time in any "contaminating" jobs 
prior to child's conception (variable CON2) 


Lymphatic leukaemia & NHL 
























































Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 0.851 0.381 
CON2 0.00038 0.00018 1.000 1.000 1.001 3.5 1 0.061 
Grouped analyses Cases (LLNH) 95% Cl p for 
Controls Obs Exp O/E OR from ito p trend 
3 groups 
Unexposed 76 6 1.96 3.05 
CONZ2 0.1 tom 52 1 1.14 0.88 0.26 0.03 2.14 8 is Be 0.46 
CON2 >m 54 5 0.90 5.56 1.85 051 $653 
2 groups 
Unexposed 76 6 1.97 3.05 
Exposed (>0) 103 6 2.04 2.95 0.91 0:26 2.98 0.88 
All leukaemia & NHL 
Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se Estimate from to deviance df p 
Mean 0.803 0.334 
CON2 0.00039 0.00016 1.000 1.000 1.001 47 1 0.031 
Grouped analyses Cases (LNHL) 95% Cl p for 
Controls Obs Exp O/E OR from __to elie trend 
3 groups 
Unexposed 76 8 2.86 2.80 
CONZ2 0.1 tom 52 1 1.64 0.61 0.18 0.02 1.48 0.026 0.33 
CON2 > m 51 bi 1.29 5.42 2.01 065 6.19 
2 groups 
Unexposed 76 8 2.86 2.80 
Exposed (>0 103 8 2.93 PRE ES 0.91 D325 200 0.85 


Median non-zero CON2 value for controls (m) = 1199 days 


Table A-24: Leukaemia & NHL cases by duration of father’s monitored exposure to 
tritium during the 12 weeks before conception (variable ITRI) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 


Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean 1:072- 0.284 
ITRI 11.159 ~3.328 70160 103 4.8E+07 Te: 1 0.0051 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp OIE OR from ___to p trend 
3 groups 
Unexposed 177 15 (12) 5.70 2.63 
ITRI 0.1 to m 1 0 0.038 0.00 0.033 0.00 36.98 0.17 0.11 
ITRI>m 1 1 0.057 17.41 47.1 0.52 4250 
2 groups 
Unexposed 177 15 (12) 5:70 2.63 
Exposed (>0 2 1 0.10 10.48 6.76 0.41 110 0.21 


Median non-zero ITRI value for controls (m) = 0.175 mSv. 


Table A-25: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
hydrofluoric acid during the 12 weeks before conception (variable C12) 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 


Full 3-group data for all leukaemia & NHL shown in Table A-57. 























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se Estimate from to deviance df p 
Mean 1.110 0.438 
C12 0.043 0.019 1.044 1.006 1.085 3.8 1 0.051 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from __to p trend 
3 groups 
Unexposed 98 5 (2) 1.94 ZF 
C12 0.1 tom 7 1 0.09 11.10 4.80 0.46 49.7 0.13 0.046 
C12>m 4 1 0.04 26.8 14.21 AV 180 
2 groups 
Unexposed 98 5 (2) 1.94 Zeal 
Exposed (>0 11 2 0.13 15.70 Ti.2t 0.95 40.4 0.058 


Median non-zero C12 value for controls (m) = 14 weighted days 


m. - a 


Table A-26: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
picric acid during the 12 weeks before conception (variable C17) 


Data in table are for Lymphatic leukaemia & NHL, numbers of non-lymphatic leukaemias are shown in parentheses. 


Full 3-group data for all leukaemia & NHL shown in Table A-57. 
Continuous analysis OR increment per unit LR test 

















95% Cl Change in: 

Coeff. Estimate se _ Estimate from to deviance df p 
Mean 1: a0e.* 0382 
C17 0.074 0.029 1.077 1.017 1.140 5.2 1 0.022 
Grouped analyses Cases 95% Cl p for 

Controls Obs Exp O/E OR from __to p trend 
3 groups 
Unexposed 111 8 (2) 2.18 3.66 
C17 0.1 tom 4 0 0.08 0.00 0.00 0.00 12.50 0.00015 0.019 
C17>m 0 1 0.00 - 

(Fisher exact test, C17>m vs. C17<=m, p=0.073) 

2 groups 
Unexposed 114 8 (2) 2.18 3.66 
Exposed (>0 4 1 0.08 12.42 4.46 0.38 S527 0.28 


Median non-zero C17 value for controls (m) = 42 weighted days 


Table A-27: Leukaemia & NHL cases by duration of father's assessed potential exposure to 
TTA during the 12 weeks before conception (variable C26) 


Data in table is for all leukaemia & NHL, numbers of lymphatic leukaemias (included in total) are shown in parentheses. 
Full 3-group data for lymphatic leukaemia & NHL shown in Table A-56. 





























Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se Estimate from to deviance df p 
Mean 1.419 0.350 
C26 0.050 0.023 1.052 1.005 1.101 4.0 1 0.045 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from _—ito p trend 
3 groups 
Unexposed 96 9 (8) 2.56 3.50 
C26 0.1 tom 6 1 0.081 12.3¢ 3.62 0.38 34.83 0.27 0.11 
C26 >m 2 1 (1) 0.071 14.17 8.68 0.437 1730 
2 groups 
Unexposed 96 9 (8) 2.56 3.50 
Exposed (>0 8 2(1 0.015 W.21 4.81 0.80 29.0 0.12 


Median non-zero C26 value for controls (m) = 14 weighted days 


Table A-28: Cases of cancer other than leukaemia or NHL by child's date of birth and father's dates 
of employment at Sellafield 
























































ate of birt test 
Cases 95% Cl Change in: 
Controls Ob Exp O/E OR from to deviance df p 
1950-54 14 4 1.67 2.39 
1955-59 25 heen? 72 0.37 0.10 0.01 1.06 
1960-64 29 8 3.07 2.61 0.97 0.22 4.26 
1965-69 19 Tet 2 0.66 0.18 0.02 1.96 
1970-74 21 je es ays 0.66 0.18 0.02 1.94 12.4 7 0.088 
1975-79 20 10:76 134 0.36 0.03 3.87 
1980-84 23 0 0.56 0.00 0.00 0.00 2.76 
1985 + 28 0 46253 0.00 0.00 0.00 6.71 
Most significant 2-group split 
1950-64 68 13 7:46 1.74 3.85 ait Goes 
1965+ 41 3 e459 0.65 0.30 0.08 1.00 
Date of start LR test 
Cases 95% Cl Change in: 
Controls Obs Exp O/E OR from to deviance df p 
1950-54 43 5 4.08 N22 
1955-59 29 6 2.89 2.07 2.06 0.84)" 7-76 
1960-64 13 haga ioe 0.76 0.60 0.06 5.88 
1965-69 12 10.45 2.21 Viz 0.18 16.81 
1970-74 oe Ta Meee = 0.74 0.59 0.06 5.87 45° 171 O7@ 
1975-79 38 AY 129 1.55 22 0.21 7.00 
1980-84 11 Stes Voy 0.00 0.01 0.00 12.10 
1985 + 11 0. .0:35 0.00 0.01 0.00 10.42 
Most significant 2-group split 
1950-59 72 11 6.97 1.58 1.0 14° 1Gaa 
1960+ 107 See .06 0.98 0.56 0:18 eith7s 
Date of quit LR test 
Cases 95% Cl Change in: 
Controls Obs Exp O/E OR# from to deviance df p 
1950-54 6 0 0.56 0.00 0.00 0 6.87 
1955-59 5 1. 80:69 1.45 257 0.16 21.6 
1960-64 12 Si" h65 3.03 5.83 1.29 26.4 
1965-69 10 2 0.90 2:22 2.70 0.44 16.7 10.18 "7% “One 
1970-74 8 0 0.81 0.00 0.00 0.00 4.75 
1975-79 13 Zz Sigi2 1.78 2.33 O37 wt 4g 
1980-84 20 4 ioe es 0.90 0.92 0.10 8.59 
1985 + 105 5 §520 0.96 
# Note: Odds ratios based on 1985+ group 
Most significant 2-group split 
1950-69 33 8 3.80 2.10 3.335 1 0.066 
1970+ 146 8 (26-25 0.97 0.36 490,12 alae 
Date of diagnosis 
Cases 95% Cl 
Obs Exp O/E from to 
1950-59 1. ‘0.36 2.78 0.07 16.4 Confidence intervals 
1960-69 2 1.24 1.61 0.19 6.01 for O/E ratios. 
1970-79 5 4.73 1.06 0.34 2.55 p for equal O/E 
1980+ hee Mo 1.40 0.60 2.82 ratios > 0.5 


Table A-29: Cases of cancer other than leukaemia & NHL cases by selected explanatory factors 











LR test 
Cases 95% Cl Change in: 
Variable Controls Obs Exp O/E OR from to deviance df p 
Sex 
Male 93 6 5.94 1.01 
Female 86 10 6.11 1.64 1.81 6.697 45,33 ye 0.28 
Father's age 
<25 36 1 2.16 0.46 
25-34 109 11 6.61 1.66 4.14 050 34.1 24 2 0.30 
35* 33 4 3.41 1.26 3.09 O32 230.0 
Seascale resident at birth 
No 140 15 he 1.34 
Yes 39 1 0.85 1.18 0.75 O10" "S65 Crt >0.5 
Father's birth place 
Cumbria 103 7 7.59 0.92 
Elsewhere 62 8 Dae 2.49 3.00 0.94 9.33 = AO ONY. 0.053 
Father's external 
radiation dose (mSv) 
35 6 4.36 1.38 
0.1-33.2 72 8 3.06 2.62 1.76 O53> 5.55 te cutie 0.022 
STS (v4 Z 4.64 0.43 0.24 0.04 1.28 


Work on Calder during 

total pre-conception period 

<=5% of time 164 14 11.10 1.26 

>5% of time 15 2 0.95 2.11 1.71 0.34: *_ 8.73 0.4 1 >0.5 


Table A-30: Observed and expected cancers other than leukaemia & NHL cases by residence 
at birth, distance from plant and migration index of birth place/area. 









































Birth place/Band Distance (km) Migration Cases (LNHL) O/E 95% Cl 

from plant index Controls Observed Expected ratio from to 
Band 1 <3 1.00 2 0 0.16 0.00 0.00 49 
Seascale 3 4.49 39 1 0.85 1.18 0.03 7.0 
Band 2 3-7 0.23 13 1 1.46 0.69 0.02 4.7 
Egremont fe 0.56 14 3 0.98 3.08 0.60 11.3 
Band 3 7-11 0.33 12 0 0.70 0.00 0.00 6.3 
Cleator Moor 11 0.26 18 1 L/S." Oar 0.01 <i f 
Band 4 11-13.5 0.15 5 1 0.29 3.41 0.09 37 
Frizington 13.5 0.43 10 2 0.83 "2/28 0.27 11.0 
Band 5 13.5-15 0.00 2 0 0.20 0.00 0.00 39 
Whitehaven 15 0.28 35 7 2.85 2.46 0.95 5.6 
Band 6 >15 0.15 29 0 1.95 0.00 0.00 2.0 

Totals: population centres 116 14 7.30 1.92 1.03 3.4 
other 63 2 4.75 0.42 0.05 1.6 
Table A-31: Cases of cancer other than leukaemia & NHL by duration of father's assessed potential 
to graphite dust during the 12 weeks before conception (variable C10) 
Continuous analysis OR increment per unit LR test 
95% Cl Change in: 
Coeff. Estimate se_ Estimate from to deviance df p 
Mean -0.741 0.773 
C10 0.062 0.028 1.064 1.007 1,125 5.4 1 0.020 
Grouped analyses Cases 95% Cl p for 
Controls Obs Exp O/E OR from ___to p__trend 
3 groups ~ 
Unexposed 63 1 2.88 0.35 
C10 0.1 tom 11 1 0.58 1:71 5.50 0.31 - 98.9 0.059" 0.020 
C10 >m 2 1 0.12 8.40 143 1.84 S1131F 
2 groups 
Unexposed 63 1 2.88 0.35 
Exposed (>0 13 2 0.70 2.85 10.28 0.82 129 0.064 
Median non-zero C10 value for controls (m) = 14 weighted days 
Table A-32: Cases of cancer other than leukaemia & NHL by father's recorded and potential 
involvement in contamination incidents after child's conception. 
Contamination variables Increase in OR for unit 
increase in variable 
Crude 95% Cl 
Variable Controls Cases OR Estimate from to Pp 
Total decontamination 0 126 11 0.025 
visits 1-5 28 2 0.8 1.24 1.05 1.46 
>5 2 3 Ti2 

Number of beta/gamma 0 131 11 0.003 
contaminations >0 20 5 2.4 1.41 1.15 1.74 
Number of "heavy" 0 149 13 0.046 
contaminations >0 7 3 4.9 2177 Mat2z 3.87 
Number of "not clear" 0 153 15 0.327 
contaminations >0 3 1 3.4 3.42 0.41 28.81 
Years in most 0 106 ca. 0.708 
contaminating jobs >0 50 5 1.0 1.02 0.92 4 a 
Years in any f 0 65 8 0.415 





contaminating job >0 91 8 0.7 1.03 0.96 1.10 


Table A-33: Observed and expected cases by age at 


diagnosis and case group 








Case Age at Cases p 
group diagnosis Obs Exp O/E (O=E) 
LLNH 0-14 So? 3.07, 2.98 0.0087 
15+ 3) *1,00° "3,00 0.16 
LNHL 0-14 11 423 2.60 0.0096 
15+ 5} 67° ¥S76 0.046 
OCAN 0-14 bee 5 50ee*0:94 >0.5 
15+ lie 6.60") 1.62 0.18 


Table A-34: Observed and expected LNHL cases 
diagnosed at ages 15+, by selected explanatory variables 





Cases 
Variable Obs Ex 
Seascale resident at birth 
No 4° 1.47 
Yes 1 0.1 
Father's pre-conception 
radiation dose (mSv) 
3° 065 
0.1-49 1G AZ 
50-99 Geek 
100+ heer 
Father's date of start 
1950-64 Are 1520 
1965+ 1. 0:62 
Child's date of birth 
1950-69 op mney | 
1970+ O 0.14 
Working on Calder 
<5% Dan t40 
>=5% Ome Osi 
Potential tritium exposure 
0 a ea 
>0 (ds Stes 


O/E 


PAT 
10.0 


4.62 
2.38 


4.76 


3.20 
3.13 


3.50 


3.42 


2.13 
12.5 


p 
(O=E 


0.13 
0.19 


0.061 
>0.5 
>0.5 
0.38 


0.08 
>0.5 


0.034 
=0.5 


0.035 
20:5 


0.34 
0.024 


p (equal 
O/Es) 


0.33 


0.50 


>0.5 


0.33 


0.39 


0.074 


Table A-35: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's 


pre-conception radiation dose (XG4V) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 



















































































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 7.0 1 0.0080 
2 XG4V SEAS 1.8 1 0.18 
2 SEAS XG4V 7.4 1 0.0066 
3 XG4V 1.4 1 0.23 
4 Interaction SEAS XG4V 6.8 1 0.0094 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
2 const. 0.4838 0.4877 4 const. 0.9468 0.461 
SEAS 2.008 0.6548 SEAS 0.1226 1.169 
XG4V 0.006259 0.0045 XG4V -0.002 0.006568 
Interaction 0.0272 0.01131 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
0 Zz 1.22 1.65 0. 0.02 0.00 
1-49 4 1.29 Ta 0 0.19 0.00 
50-99 1 0.64 1.55 2 0.04 47.3 
100+ 1 0.58 12 2 0.03 71.6 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
____ Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 11.9 1 0.00055 
2 XG4V SEAS Le 1 0.14 
2 SEAS XG4V 12.4 1 0.00043 
3 XG4V 1.8 1 0.18 
4 Interaction SEAS XG4V 12.1 1 0.00037 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
Ps const. 0.3672 0.4295 4 const. 0.941 0.4088 
SEAS 2.222 0.564 SEAS 0.0178 1.007 
XG4V 0.006273 0.004 XG4V -0.005 0.006755 
Interaction 0.0348 0.01099 
Cross-tabulation of grouped data ’ 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
4 1.85 OB Ws 0 0.02 0.00 
1-49 4 1.79 2.24 0 0.28 0.00 
50-99 1 0.947 1.07 2 0.07 44.8 
100+ 1 0.82 1.22 a 0.04 75.0 


A RR RR og RG LL en OER pt SS SS SS 


Table A-36: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and 


pre-conception Calder work (PJ8) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 



























































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 7.0 1 0.0080 
fs PJ8& SEAS 12.3 1 0.00044 
2 SEAS PJ8& 7.8 1 0.0052 
3 PJ8 11.6 1 0.00067 
4 Interaction SEAS PJ8 1.9 1 0.17 
Details of selected modeis: 
Model Variable Estimate se 
No. (log odds) 
2 const. 0.2671 0.4754 
SEAS 2.192 0.7106 
PJ8& 2.663 0.712 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Calder 
<5% of time 5 3.42 1.46 2 0.26 7.74 
>=5% of time 3 0.30 9.85 - 2 0.02 107 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 11.9 1 0.00055 
2 PJ8& SEAS 9.5 1 0.0021 
. SEAS PJ8 12.9 1 0.00034 
3 PJ8 8.6 1 0.0034 
4 Interaction SEAS PJ8& 1.4 1 0.25 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 0.3234 0.4001 
SEAS 2.349 0.5988 
PJ8& 2.232 0.6769 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Calder 
<5% of time 7 4.96 1.41 4 0.38 10.6 
>=5% of time *, 0.43 7.02 2 0.03 13.5 


Table A-37: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and 
pre-conception potential tritium exposure (TEN2) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 

































































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 6.4 1 0.011 
2 TEN2 SEAS 4.9 1 0.027 
3 TEN2 5.3 1 0.021 
2 SEAS TEN2 6.0 1 0.014 
4 Interaction SEAS TEN2 0.0 1 1.00 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 0.7006 0.4281 
SEAS 1.709 0.6679 
TEN2 1.514 0.6442 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Tritium 
0 5 2.70 1.85 2 0.20 10.2 
>0 3 0.41 7.28 2 0.06 35.6 
Unknown 0 0.61 0.00 0 0.03 0.00 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 10.9 1 0.0010 
2 TEN2 SEAS 4.6 1 0.031 
3 TEN2 9.4 1 0.0021 
2 SEAS TEN2 6.1 1 0.014 
4 Interaction SEAS TEN2 0.2 1 0.69 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 0.6587 0.382 
SEAS 1.955 0.5806 
TEN2 1.336 0.5909 


Cross-tabulation of grouped data 
Seascale resident at birth 




















No Yes 
Obs Exp O/E Obs Exp O/E 
Tritium 
0 if 3.87 1.81 3 0.28 10.6 
>0 3 0.59 5.09 3 0.08 36.2 


Unknown 0 0.93 0.00 0 0.04 0.00 
f 


Table A-38: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and 
pre-conception potential exposure to trichloroethylene (C23) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 












































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 4.3 1 0.038 
2 C23 SEAS 3.6 1 0.059 
2 SEAS C23 4.2 1 0.041 
3 C23 5 Ff 1 0.054 
4 Interaction SEAS C23 0.2 1 0.66 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 0.3436 0.7602 
SEAS 1.78 0.7961 
C23 1.499 0.8356 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
C23 “~~ 
<=median 1 0.93 1.07 1 0.09 10.6 
>median 4 0.71 5.66 2 0.08 25:2 
unknown 3 2.08 1.44 1 0.10 9.71 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 10.1 tina 0.0015 
2 C23 SEAS 6.5 1 0.011 
2 SEAS C23 10.2 1 0.0014 
3 C23 6.5 1 0.011 
4 Interaction SEAS C23 0.0 1 0.88 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. -0.3274 0.8262 
SEAS 2.443 0.7348 
C23 1.93 0.8445 


Cross-tabulation of grouped data 
Seascale resident at birth 




















No Yes 
Obs Exp O/E Obs Exp O/E 
C23 . 
<=median 1 1.31 0.77 1 0.14 6.99 
>median 4 1.00 3.99 4 0.12 34.7 
unknown 5 3.08 162 1 0.15 6.81 


(errr e reser ese ee 


Table A-39: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and 


father's date of start at Sellafield (LDOS) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 




















Model Variable Controlling LR test 
No. added for deviance 
1 SEAS 7.0 
2 LDOS SEAS <7 4 
2 SEAS LDOS 6.5 
3 LDOS 4.3 
4 Interaction SEAS LDOS 1.5 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.276 0.4032 
SEAS 1.872 0.6578 
LDOS -1.371 0.7829 


Cross-tabulation of grouped data 
Seascale resident at birth 

















No Yes 
Obs Exp O/E Obs Exp 
Father's start 
before 1965 6 2.07 2.89 4 0.18 
after 1965 2 1:65 1.21 0 0.10 


B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 

















Model Variable Controlling LR test 
No. added for deviance 
1 SEAS 11.9 
2 LDOS SEAS 2.8 
74 SEAS LDOS 11.3 
3 LDOS 3D 
4 Interaction SEAS LDOS 2.8 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.045 0.368 
SEAS 2.119 0.5714 
LDOS -1.032 0.6659 


Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp 











Father's start 
before 1965 q 3.28 els 6 0.28 
after 1965 3 2311 1.42 0 0.12 








df p 
1 0.0080 
1 +0:0535 
1 0.011 
1 0.038 
1 0.22 

O/E 

22.4 

0.00 
df 
1 0.00055 
1 0.095 
1 0.00080 
1 © 02062 
1 0.092 

O/E 

21.4 

0.00 


Table A-40: Leukaemia/NHL cases by father's pre-conception radiation dose (XG4V) and 
Calder work (PJ8) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 



























































Model Variable Controlling LR test 
No. added for deviance df p 
1 XG4V 1.4 1 0.23 
2 PJ8 XG4V 10.1 4, 00015 
2 XG4V PJ8 0.0 ¥ 1.00 
3 PJ8 11.6 1 0.00067 
4 Interaction PJ8 XG4V io 1 0.071 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) — No. (log odds) _ 
2 const. 0.7279 0.4479 4 const 0.3630 0.5366 
XG4V -0.00022 0.0053 XG4V 0.0068 0.005751 
PJ8 2.55 0.7716 PJ8 4.0110 1.112 
Interaction -0.018 0.01019 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
0 2 1:23 1.62 0 0.00 0.00 
1-49 2 1.36 1.47 2 0.11 18.0 
50-99 1 0.64 1.55 2 0.04 47.6 
100+ 2 0.44 4.57 4 0.17 5.87 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 XG4V 1.8 1 0.18 
2 PJ8 XG4V 6.9 1 0.0085 
2 XG4V PJ8 0.1 1 0.72 
3 PJ8 8.6 1 0.0034 
4 Interaction PJ8 XG4V 3.6 1 0.059 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
2 const. 0.7718 0.376 4 const 0.4977 0.4255 
XG4V 0.001626 0.0044 XG4V 0.0067 0.004731 
PJ8 1.968 0.7088 PJ8 3.4970 1.061 
Interaction -0.018 0.009645 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
0 4 1.87 2.14 0 0.00 0.00 
1-49 2 1.90 1.05 2 0.16 12.6 
50-99 2 0.94 2.13 2 0.06 31.8 
100+ 3 0.63 4.78 1 0.23 4.30 





Table A-41: Leukaemia/NHL cases by father's pre-conception radiation dose (XG4V) and 


potential tritium exposure (TEN2) 













































































: Case group ymphatic leukaemia & non-Hodgkin's lymphoma 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df 

1 XG4V 1.9 1 0.17 

2 TEN2 XG4V 4.6 1 0.032 

2 XG4V TEN2 0.4 1 0.51 

3 TEN2 6.0 1 0.014 

4 Interaction XG4V » FEN2 ht | 0.19 

Details of selected models: 
Model Variable Estimate -$e 
No. (log odds) _ 
2 const. 0.847 0.456 
XG4V 0.0033 0.0049 
TEN2 1.547 0.694 
Cross-tabulation of grouped data 
Tritium 
0 >0 Unknown 
Obs Exp O/E Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) _ 

0 2 1:23 1.62 0 0.00 0.00 0 0.00 0.00 
1-49 2 1.01 1.98 Os 0.18 11.0 0 0.28 0.00 
50-99 1 0.32 siz 2 0.11 17.7 0 0.25 0.00 
100+ 2 0.33 6.01 1 0.17 5.78 0 0.10 0.00 

: Case group all leukaemia & non-Hodgkin's lymphoma 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df 

7 XG4V 2.4 1 0.12 

2 TEN2 XG4V 4.4 1 0.037 

2 XG4V TEN2 0.7 1 0.41 

3 TEN2 6.1 1 0.014 

4 Interaction XG4V TEN2 0.4. 1 0.52 

Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 0.877 0.390 
XG4V 0.0037 0.0043 
TEN2 1.377 0.632 
Cross-tabulation of grouped data 
Tritium 
0 >0 Unknown 
Obs Exp O/E Obs Exp O/E Obs O/E 
External 
radiation (mSv) _ 

0 4 1.87 2.14 0 0.00 0.00 0 0.00 0.00 
1-49 2 1.38 1.45 2 0.25 7.95 0 0.43 0.00 
50-99 z 0.45 4.41 Z 0.16 12.8 0 0.39 0.00 
100+ 2 0.44 4.50 2 0.26 7.56 0 015 0.00 


—— ey 


Table A-42: Leukaemia/NHL cases by father's pre-conception radiation dose (XG4V) and 
potential trichloroethylene exposure (C23) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 


























Model Variable Controlling LR test 
No. added for deviance df Pp 
1 XG4V 0.5 1 0.47 
2 C23 XG4V a2 1 0.073 
2 XG4V C23 0.0 1 0.88 
3 C23 Ee OF 1 0.054 
4 Interaction XG4V C23 4.0 1 0.046 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate . se 
No. log odds No. (logodds) 
2 const. 0.682 0.790 4 const. -0.7033 1.41 
XG4V 0.0010 0.0063 XG4V 0.0186 0.0107 
C23 1.502 0.893 C23 3.5470 1.581 
Interaction -0.026 0.01361 
Cross-tabulation of grouped data 
Trichlororethylene 2 
<=median >median Unknown 
Obs Exp O/E Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
0 0 0.10 0.00 0 0.00 0.00 2 4 BR 5 eo 
1-49 0 0.65 0.00 3 0.25 11.9 1 0.58 1.74 
50-99 1 0.15 6.88 2 0.31 6.53 0 0.24 0.00 
100+ 1 0.14 7.39 1 0.23 4.38 1 0.24 4.09 





B: Case group CNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 









































Model Variable Controlling LR test 
No. added for deviance df p 
1 XG4V 1.8 1 0.19 
2 C23 XG4V 51 1 0.024 
2 XG4V C23 0.3 1 0.57 
3 G23 6.5 1 0.011 
4 Interaction XG4V C23 3.0 1 0.083 
Details of selected models: ot ee 
Model Variable Estimate se Model Variable Estimate se 
No. log odds No. (log oddsy 3p 
2 const. 0.226 0.765 4 const. -1.0630 1.41 
XG4V 0.0033 0.0057 XG4V 0.0190 0.01072 
C23 1.782 0.844 C23 3.5690 1.561 
Interaction -0.022 0.01265 
Cross-tabulation of grouped data . 
Trichlororethylene 
<=median >median Unknown 
Obs Exp O/E Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 
0 0 0.17 0.00 0 0.00 0.00 4 1.70 2.00 
1-49 0 0.89 0.00 3 0.35 8.52 1 0.82 1:22 
50-99 1 0.21 4.85 3 0.44 6.88 0 0.36 0.00 
100+ 1 0.18 5.50 2 0.33 6.08 1 0.35 2.86 


Table A-43: Leukaemia/NHL cases by father’s pre-conception radiation 


dose (XG4V) and date of start at Sellafield (L_DOS) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 




















Model Variable Controlling 
No. added for 
1 XG4V 
2 LDOS XG4V 
2 XG4V LDOS 
3 LDOS 
4 Interaction XG4V. ~ LDOS 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.416 0.4761 
XG4V 0.003647 0.0046 
LDOS -1.362 0.7982 


Cross-tabulation of grouped data 
Father's date of start 
before 1965 























Obs Exp O/E 
External 
radiation (mSv) 

0 1 0.54 1.84 
1-49 3 0.75 4.03 
50-99 3 0.49 6.11 
100+ “| 0.47 6.35 





Obs 


oOo =| = 


LR test 
deviance 


since 1965 
Exp 


0.69 
0.73 
0.20 
0.14 


B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 














Model Variable Controlling 
No. added for 
1 XG4V 
2 LDOS XG4V 
Z XG4V LDOS 
3 LDOS 
4 Interaction XG4V LDOS 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.253 0.4233 
XG4V 0.0041 0.0041 
LDOS -1.031 0.6788 


Cross-tabulation of grouped data 
Father's date of start 
before 1965 














Obs Exp O/E 
External 
radiation (mSv) 
2 0.96 2.09 
1-49 3 loke 2.61 
50-99 4 0.76 rE 9 
100+ 4 0.69 le 


Obs 


oOoO-N 


LR test 
deviance 


since 1965 
Exp 


0.91 
0.91 
0.24 
0.17 


2. 
— 


_— — — — —- 


O/E 


1.46 
1.37 
0.00 
0.00 


O/E 


2.20 
1.10 
0.00 
0.00 


0.23 
0.062 
0.44 
0.038 
0.29 


Table A-44: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8) and 
potential tritium exosure (TEN2) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 



















































































Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df 
1 PJ8 9.9 ta 0.0017 = ; 
2 TEN2 PJ8 9.5 1 0.0021 
3 TEN2 43.3 1 0.00026 
2 PJ8 TEN2 6.0 1 0.014 
4 Interaction PJ8 TEN2 7.5 1 0.0063 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
2 const O:1151 | 0.5857 4 const 0.5035 0.5168 
PJ8 2.949 0.7965 PJ8 2.065 0.8462 
TEN2 2.385 0.7688 TEN2 1.567 0.8175 
interaction 5.297 1.759 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
Tritium 
0 4 2.59 (hee 3 0.31 9.64 
>0 3 0.46 6.57 2 0.01 170 
Unknown 0 0.64 0.00 0 0.00 0.00 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis ofdeviance eee 
Model Variable Controlling LR test 
No. added for deviance df p 
7 PJ8 6.9 1 0.0087 
2 TEN2 PJ8 8.4 1. 0.0037 
3 TEN2 9.2 1 0.0024 
Pd PJ8 TEN2 6.1 1 0.014 
4 Interaction PJ8 TEN2 8.4 1 0.0039 
Details of selected models: 2: a Pre 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (logodds) —s© 
2 const 0.5202 0.431 4 const O55 0.4005 
PJ8 2.239 0.7008 PJ8 1.471 0.7805 
TEN2 1.932 0.643 TEN2 y by 0.6942 
Interaction 5.921 y gs 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
Tritium OPS ms 
0 7 ott 1.89 a 0.44 6.84 
>0 4 0.66 6.10 2 0.02 123 
Unknown 0 0.97 0.00 0 0.00 0.00 


ee errr ——————— 


Table A-45: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8) 
and potential trichloroethylene exposure (C23) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 
























































Model Variable Controlling LR test 
No. added for deviance df p 
1 PJ8& 7.3 1 0.0070 
2 C23 PJ8 Tt 1 0.0057 
2 PJ8& C23 Tez 1 0.00081 
£ C23 Sid 1 0.054 
4 Interaction PJ8 C23 0.9 1 0.34 
Details of selected models: 
Modei Variable Estimate se 
No. (log odds) 
2 const. -0.8817 1.114 
PJ8 3.273 1.008 
C23 2.633 “1,087 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
C23 
<=median 0 0.83 0.00 2 0.20 9.89 
>median 4 0.74 5.40 az 0.05 43.4 
unknowm 3 2.11 1.42 1 0.07 13.4 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 PJ8& 5.1 1 0.023 
2 C23 PJ8 10.6 1 0.0012 
2 PJ8 C23 9.2 1 0.0024 
3 C23 6.5 1 0.011 
4 Interaction PJ8 C23 1.4 1 0.24 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. -0.9161 1.042 
PJ8 2.856 0.9642 
C23 2.825 1.036 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
C23 
<=median 0 1.16 0.00 2 0.29 6.94 
>median 6 1.05 5373 2 0.07 28.6 
unknowm 5 3.13 1.60 1 0.10 10.4 
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Table A-46: Leukaemia/NHL cases by father's pre-conception Calder work (PJ8) 
and date of start at Sellafield (L_.DOS) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 




















































































































Model Variable Controlling LR test 
No. added for deviance df p 
1 PJ8 11.6 1 0.00067 
a LDOS PJ8 ab 1 0.054 
2 PJ8 LDOS 11.0 1 0.00093 
3 LDOS 4.3 1 0.038 
4 Interaction PJ8 LDOS 0.1 1 0.74 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.155 0.4221 
PJ8 2.522 OF7F157 
LDOS -1.44 0.8106 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
Father's start 
before 1965 6 2.04 2.95 4 0.22 18.5 
after 1965 1 1.64 0.61 1 0.11 9.39 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 PJ8 8.6 1 0.0034 
rd LDOS PJ8 3.0 1 0.081 
2 PJ8 LDOS 8.1 1 0.0043 
3 LDOS aS) 1 0.062 
4 Interaction PJ8 LDOS 0.0 1 0.84 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const. 1.177 0.3545 
PJ8& 2.059 0.6769 
LDOS -1.109 0.6834 
Cross-tabulation of grouped data 
Calder 
<5% of time >=5% of time 
Obs Exp O/E Obs Exp O/E 
Father's start 
before 1965 9 3.24 2.78 4 0.32 12.3 
after 1965 2 2.10 0.95 1 0.13 7.67 


Table A-47; Leukaemia/NHL cases by father's pre-conception potential exposure to tritium (TEN2) 
and to trichloroethylene (C23) 











































































































: Case group ympnhatic leukaemia & non-Hodgkin's lymphoma 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 C23 5.0 1 0.026 
2 TEN2 C23 oT 1 0.053 
2 C23 TEN2 1.9 1 0.17 
3 TEN2 6.8 1 0.0090 
4 Interaction C23 TEN2 2:2 1 0.14 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
1 const. 0.833 0.710 Z const. 0.5162 0.7828 
C23. 1.788 0.851 C23 1.235 0.9353 
TEN2 1.668 0.8741 
3 const. 1.018 0.590 ; 
TEN2 2.095 0.807 
Cross-tabulation of grouped data 
Tritium 
0 >0 Unknown 
Obs Exp O/E Obs Exp O/E Obs Exp O/E 
C23 
<=median 2 0.85 76 0 0.09 0.00 0 0.10 0.00 
>median | 4:72 0.58 5 0.26 19.3 0 0.20 0.00 
unknown. 4 0.33 12.3 0 0.12 0.00 0 0.34 0.00 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df 
1 C23 8.6 1 0.0033 
2 TEN2 C23 a 1 0.060 
2 Gzc TEN2 4.5 | 0.034 
3 TEN2 La 1 0.0055 
4 Interaction C23 TEN2 1.8 1 0.17 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) _ No. (log odds) 
1 const. 0.490 0.710 2 const. 0.2179 0.7456 
C23 2.210 0.829 C23 1.764 0.8728 
TEN2 1.507 0.7981 
3 const. TOO mC oe 
TEN2 2.045 0.742 
Cross-tabulation of grouped data 
Tritium 
0 >0 Unknown 
Obs Exp O/E Obs Exp O/E Obs Exp O/E 
C23 
<=median 2 1.19 1.68 0 0.12 0.00 0 0.14 0.00 
>median Z 0.44 4.55 6 0.37 16.3 0 0.31 0.00 
unknown 6 2.52 2.38 0 0.18 0.00 0 OS2 0.00 


Table A-48: Leukaemia/NHL cases by father's date of start at Sellafield (_DOS) 
and pre-conception potential exposure to tritium (TEN2) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 



























































Model Variable Controlling LR test 
No. added for deviance df p 
1 LDOS 8.5 1 0.011 
2 TEN2 LDOS 4.8 1 0.028 
2 LDOS TEN2 >. 1 0.021 
<i TEN2 6.0 1 0.014 
4 Interaction LDOS TEN2 1.9 1 0.17 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 1.578 0.4388 
LDOS -1.661 0.8009 
TEN2 1.549 0.6745 
Cross-tabulation of grouped data 
Father's date of start 
before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
Tritium 
0 5 1.38 3.63 2 1:52 1.31 
>0 5 0.30 16.7 0 G17. 0.00 
‘unknown 0 0.58 0.00 0 0.06 0.00 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 LDOS 5.9 1 0.015 
2 TEN2 LDOS 4.9 1 0.027 
4 LDOS TEN2 4.7 1 0.030 
3 TEN2 6.1 1 0.014 
4 Interaction LDOS TEN2 2.6 1 Bs i 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 1.515 990385 
LDOS -1.364 0.683 
TEN2 1.431 0.6191 


Cross-tabulation of grouped data 
Father's date of start 





























before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
Tritium 
0 7 2:20 3.18 S 1.95 1.54 
>0 6 0.47 12.9 0 0.21 0.00 
unknown 0 0.89 0.00 0 0.08 0.00 
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Table A-49: Leukaemia/NHL cases by father's date of start at Sellafield (_.DOS) 
and pre-conception potential exposure to trichloroethylene (C23) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 














Model Variable Controlling 
































LR test 
No. added for deviance df 
1 C23 Sut 1 
2 LDOS C23 8.6 1 
2 C23 LDOS 3.1 1 
3 LDOS 9.3 1 
4 Interaction C23 LDOS 0.0 1 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 1.393 0.7466 
LDOS -8.484 1633 
C23 1.476 0.897 
Cross-tabulation of grouped data 
Father's date of start 
before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
C23 
<=median 2 0.55 3.61 0 0.47 0.00 
>median 6 0.51 TTL 0 0.27 0.00 
unknown 2 1.18 1.69 2 1.00 1.99 











B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 


















































Model Variable Controlling LR test 
No. added for deviance df 
1 C23 6.5 1 
2 LDOS C23 9.6 1 
2 C23 LDOS 6.0 1 
3 LDOS 10.2 1 
4 Interaction C23 LDOS 0.0 1 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 0.9496 0.7447 
LDOS -7.588 9.75 
C23 1.954 0.8772 
Cross-tabulation of grouped data 
Father's date of start 
before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
C23 
<=median 2 0.86 2133 0 0.59 0.00 
>median 8 0.78 10.2 0 0.34 0.00 
unknown 3 1.92/ 1.56 3 1.30 2.30 


0.054 
0.0033 
0.079 
0.0023 
1.00 


0.011 
0.0019 
0.014 
0.0014 
1.00 


Table A-50: Leukaemia/NHL cases by father's date of start at Sellafield (_.DOS) 


and child's date of birth (LDOB) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 

































































Model Variable Controlling LR test 
No. added for deviance df 
1 LDOS 43 1 0.038 
2 LDOB LDOS 0.6 1 0.46 
3 LDOB a he 1 0.072 
2 LDOS LDOB 1.6 1 0.20 
4 Interaction LDOS LDOB 4.3 1 0.039 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
1 const 1.656 0.3429 3 const 1.504 0.3589 
LDOS -1.473 0.7859 LDOB -0.849 0.6926 
ic const 1.591 0.3599 4 const 1.47 0.3787 
LDOS -2.175 1.21 LDOS 1.882 1.043 
LDOB 0.838 1.088 LDOB 0.3863 1.207 
Interaction -4.142 1.846 
Cross-tabulation of grouped data 
Father's date of start 
before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
Date of birth 
- before 1970 8 Dy 3.78 1 0.21 4.68 
since 1970 2 0.14 14.8 1 1.54 0.65 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p 
1 LDOS 1 0.062 
2 LDOB LDOS 0.6 1 0.43 
3 LDOB 2.9 1 0.089 
2 LDOS LDOB 12 1 O27, 
4 Interaction LDOS LDOB 2.8 1 0.092 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate Se 
No. (log odds) No. (log odds) 
1 const 1.517 0.3086 a const 1.383 0.3184 
LDOS -1.15 0.6694 LDOB -0.645 0.6108 
2 const 1.462 0.3202 4 const 1.376 0.3318 
LDOS -1.846 1.097 LDOS 0.0889 1.181 
LDOB 0.8301 1.02 LDOB 1.737 1.025 
Interaction -3.113 1.686 


Cross-tabulation of grouped data 


Father's date of start 











before 1965 since 1965 
Obs Exp O/E Obs Exp O/E 
Date of birth 
before 1970 11 3.39 3.24 1 0.31 3.27 
since 1970 2 0.17 i Py 2 1.92 1.04 


Table A-51: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 


Analysis of deviance 


father's birthplace (FBTH) 






























































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS tal 1 0.0054 
2 FBTH SEAS 1.0 1 0.33 
3 FBTH 8.7 1 0.0033 
2 SEAS FBTH 0.0 1 0.85 
4 Interaction SEAS FBTH 0.2 1 0.63 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 1.096 0.3935 
SEAS 2.445 0.7719 
FBTH -0.7208 0.7592 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Father's birthplace 
Cumbria 7 2.78 2152 1 0.10 10.5 
Elsewhere 1 0.94 1.06 3 0.18 1655 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df 
1 SEAS ) 13.0 1 0.00030 
2 FBTH SEAS 0.1 1 0.74 
3 FBTH 11.9 1 0.00057 
2 SEAS FBTH 1.3 1 0.26 
4 Interaction SEAS FBTH 0.3 1 0.59 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const 0.8849 0.3671 
SEAS 2.404 0.66 
FBTH -0.2105 0.6336 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Father's birthplace 
Cumbria 8 4.05 1.98 1 0.14 7.08 
Elsewhere 2 1.34 1.49 5 0.26 19.0 


Table A-52: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's 
radiation dose in the 12 weeks before conception 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 























Model Variable Controlling LR test 
No. added for deviance df 
1 SEAS 7.036 1 0.0080 
2 XT SEAS g Riot! 1 0.21 
2 SEAS XT 7.4 1 0.0065 
3 XT 1.186 1 0.28 
4 Interaction SEAS XT 0.9 1 0.34 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) _ 
2 const. 0.5347 0.4746 4 const. 0.6802 0.4749 
SEAS 2;013""-0:6552 SEAS 1.453 0.9127 
XT 0.1123 0.0865 XT 0.0665 0.1019 


Interaction 0.1899 0.1981 


Cross-tabulation of grouped data 
Seascale resident at birth 




















No Yes 
Obs Exp O/E Obs Exp O/E 
External 
radiation (mSv) 

0 3 1.68 1.78 0 0.040 0.0 
0.1-2.4 2 0.99 2.03 2 0.17 11.4 
2.5-4.9 1 0.42 2.36 1 0.042 24.0 

5+ 2 0.63 3119 1 0.020 48.9 
p for trend >0.5 0.18 


B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 

















Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 11.9335 1 0.00055 
2 XT SEAS 3.46 1 0.063 
*s SEAS XT 12.54 1 0.00040 
S XT 2.8535 1 0.091 
4 Interaction SEAS XT 7.582 1 0.0059 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
4 const. 0.2995 0.4298 4 const. 0.6933 0.4064 
SEAS 2.246 0.5678 SEAS 0.6285 0.9169 
XT 0.1466 0.0754 XT 0.0162 0.09865 


Interaction 0.5139 0.1999 


Cross-tabulation of grouped data 


Seascale resident at birth 











No Yes 
Obs Exp O/E Obs Exp O/E 
External 

radiation (mSv 
0 y 5 2.5) 1.99 0 0.054 0.0 
0.1-2.4 2 1.35 1.48 a 0.26 re 
2.5-4.9 1 0.63 1.59 1 0.062 16.0 
5 + 2 0.89 2.24 = 0.033 89.7 


p for trend >0.5 0.005 


Table A-53: Leukaemia/NHL cases by Seascale residence at birth (SEAS) and father's 
total recorded pre-conception contaminations (NDCN) 


A: Case group LLNH (lymphatic leukaemia & non-Hodgkin's lymphoma) 




































































Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 7.0 1 0.0080 
2 NDCN SEAS 13 1 0.26 
2 SEAS NDCN 7.6 1 0.0057 
3 NDCN 0.7 1 0.42 
4 Interaction SEAS NDCN 4.7 1 0.031 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. log odds 
2 const. 0.6908 0.4101 4 const. 0.7493 0.4039 
SEAS 2.068 0.6649 SEAS 1.264 0.8766 
NDCN 0.1438 0.1161 NDCN 0.1015 0.1273 
Interaction 1.541 0.72 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Number of 
decontaminations 
0 - 5 2.15 1.82 2 0.23 8.67 
1-2 0 0.62 0.00 2 0.046 43.21 
>2 3 0.36 8.40 0 0.00 o- 
for trend 0.13 0.14 
B: Case group LNHL (all leukaemia & non-Hodgkin's lymphoma) 
Model Variable Controlling LR test 
No. added for deviance df p 
1 SEAS 11.9335 1 0.00055 
2 NDCN SEAS 1.5 1 0.22 
2 SEAS NDCN 12.77 1 0.00035 
3 NDCN 0.6635 1 0.42 
4 Interaction SEAS NDCN 12272 1 0.00046 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
es const. 0.573 0.3649 4 ’ const. 0.6644 0.3577 
SEAS 22199 0Sizo SEAS 1.079 0.8133 
NDCN 0.1481 0.1103 NDCN 0.0736 0.1295 
Interaction 2.396 0.7439 
Cross-tabulation of grouped data 
Seascale resident at birth 
No Yes 
Obs Exp O/E Obs Exp O/E 
Number of 
decontaminations 
0 7 3.99 1.75 2 0.34 5.96 
1-2 0 0.91 0.00 4 0.069 57.70 
>2 3 0.49 6.15 0 0.00 -- 


p for trend 0.26 0.0071 


Table A-54: Joint analysis of leukaemia & NHL cases by cumulative (XG) and 
12-week (XT) pre-conception radiation dose, for Seascale subjects only 


A: Lymphatic leukaemia & NHL (LLNH) 


Analysis of deviance 










































































Model Variable Controlling LR test 
No. added for deviance df p 
1 XG 23:18 1 1E-06 
2 XT XG 0.01 1 >0.5 
2 XG XT 23.59 1 1E-06 
3 XT 0.197 1 >0.5 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
1 const <2u20 bea 1 2 const -2.2 2.25 
XG 0.06402 0.017 XG 0.0647 0.0193 
XT -0.03 0.4237 
2 const 2.634 0.6579 
XT 0.0774 0.165 
Cross-tabulation of grouped data 
12 week pre-conception Cumulative pre-conception dose 
dose <50 mSv 50+ mSv 
Obs Ex O/E Obs Exp O/E 
<2.5 mSv 0 0.161 0 - 0.054 37.3 
2.5+ mSv O 0.045 0 #4 ODT7” 120.3 
All 12-week doses O 0.207 0) 4 0.070 57.0 
p for trend: >0.5 0.26 
B: All leukaemia & NHL (LNHL) 
Analysis of deviance 
Model Variable Controlling LR test 
No. added for deviance df p_ 
1 XG 31.14 1 2E-08 
3 XT XG 3,95 1 0.047 
2 XG XT Pe if Po ne 1 2E-08 
3 XT 3.965 1 0.046 
Details of selected models: 
Model Variable Estimate se Model Variable Estimate se 
No. (log odds) No. (log odds) 
1 const -1.154 1.478 Z const -2.869 2.143 
XG 0.05946 0.0131 XG 0.0617 0.0151 
XT 0.3868 0.196 
a const 2.195 0.6328 
XT 0.2682 0.1372 
Cross-tabulation of grouped data 
12 week pre-conception Cumulative pre-conception dose 
‘ dose <50 mSv 50+ mSv 
Obs Exp O/E Obs Exp O/E 
<2.5 mSv 0) 0.230 0 2 0.080 25.1 
2.5+ mSv (0) 0.069 0 4 0.027 146.3 
All 12-week doses 0) 0.298 @) 6 0.107 56.1 


p for trend: >0.5 0.033 





Table A-55: Joint analysis of all leukaemia & NHL cases by cumulative pre-conception radiation 
dose (XG) and number of pre-conception decontaminations (NDCN) for Seascale subjects only 


AK: Lymphatic leukaemia & NHL (LLNA) 
Analysis of deviance 


























Model Variable Controlling LR test 
No. added for deviance df 
1 XG 23.78 1 1E-06 
2 NDCN XG 6.54 1°, 0.014 
2 XG NDCN 24.94 1  6E-07 
3 NDCN 5.38 1 0.02 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const -8.273 6.131 
XG 0.1011 0.0443 
NDCN 3.257 © .1:502 
Cross-tabulation of grouped data 
Number of Cumulative pre-conception dose 
decontaminations <50 mSv 50+ mSv 
Obs Exp O/E Obs Exp O/E 
0 0 0.186 0.0 2 0.045 44.3 
>0 0 0.021 0.0 2 0.025 79.9 
Total 0 0.207 0.0 4 0.070 57.0 
p for trend: >0.5 >0.5 


B: All leukaemia & NAL (CNEL) 


Analysis of deviance 











Model Variable Controlling LR test 
No. added for deviance df p 
1 XG 31.14 144 2E-06 
2 NDCN XG 16.31 1 55-05 
2 XG NDCN 39,95 1 2E-08 
3 NDCN 13.49 1 0.0002 
Details of selected models: 
Model Variable Estimate se 
No. (log odds) 
2 const -13.24 5.784 
XG 0.1356 0.041 
NDCN 4908 1.493 
Cross-tabulation of grouped data 
Number of Cumulative pre-conception dase 
decontaminations <50 mSv 50+ mSv 
Obs Exp O/E Exp O/E 
0 0 0.268 0.0 0.068 29.5 
>0 0 0.030 0.0 j 0.039 102.3 
Total 0 0.298 0.0 6 0.107 56.1 


p for trend: >0.5 0.13 


Table A-56: Observed and expected cases, and odds ratio's for lymphatic leukaemia and non-Hodgkin's 
lymphoma (LLNH) 


A: Variables not dependent on choice 
of pre-conception exposure window 








Cases 95% Cl p for 
Controls Obs Ex O/E OR from to trend 
DOBQ 1950-69 87 oo 2.33 3.86 0.20 
1970+ 92 Sr elas 1.80 0.43 0.11 1.66 
DOSQ 1950-64 85 108 G2.20 4.44 0.038 
1965+ 94 7a Ben IA As 1.14 0.23 0.05 0.92 
quia 1950-74 41 A also 0.76 0.038 
1975+ 138 te 92.70 4.09 5.97 MiOSeala2 
DODX 1950-59 - 0; 22 0.00 - 0.00 17.6 95% confidence 
1960-69 - So D723 4.11 - 0.84 12.4 limits for O/E. 
1970-79 - 63.01.33 4.51 - 1.64 10.1 Test for equal 
1980+ - es ae | Pr Ae: - 0.36 5.21 O/E ratios, p=0.32 
SEX Male 93 8 2.83 2.58 0.58 
Female 86 6 1.68 3.58 1.40 0.43 4.55 
FAGE <25 36 O 0.85 0.00 0.0007 O 0.91 0.042 
25-34 109 Be. 72.30 3.48 0.70 701:922:56 
35+ aa 4 0.84 4.79 
FBTH Cumbria 103 8 2.56 3.13 0.86 
Elsewhere 62 4). 1i2 3.56 T1220 329095 
SEAS Born elsewhere 140 Sears TS Zao 0.0080 
Seascale born 39 4 0.28 14.44 6.97 1.98 24.6 
JOBC Industrial 118 OF H3510 2.91 0.90 
Non-industrial 61 3 /0,91 Sad 1.09 0.29 4.16 
PCE Yes 155 10 3.04 3.29 0.60 
No 24 2-50.96 2.07 0.65: 7051s 2:26 
TIME 0 24 2 O07 2,07 0.28 0.18 
0.1 to 4 years 78 oe a Ps 1.87 0.83 0.13 5.49 
> 4 years duh, fe 21.43 4.88 2.36 0.44 12.7 
DIST = 11.5 km 98 7 An beoU 3.69 0.46 
> 11.5 km 81 S42, i 2.30 0.64 0.19 2.12 
MIGR <= 0.28 102 6)°2.79 2.15 0.92 
> 0.28 pHs 6971521 4.95 1,02,0:95 1.08 
B: Variables evaluated over total 
pre-conception period 
B1: Measured radiation exposure Cases 95% Cl p for 
Controls Obs Exp O/E OR _ from to Pp trend 
XG Unexposed 35 Pie 0h less 1,62 0.38 OFT 
Exposed - low half if: Sighs ho 2.02 1.52 0.24 9.83 
Exposed - top half yh. 7) V 1258 4.43 2.84 0.54 14.8 
HIDA Unexposed 114 te i247, 2.84 0.94 0.96 
Exposed - low half x WF 3 0.82 3.65 27 *OXS7'S.25 
Exposed - top half 28 ee OFA 2.81 0.95 0.19 4.84 
RMAX Unexposed 35 2) 123 1,62 0.47 0.59 
Exposed - low half AZ 5a 1:09 4.59 2/82 0:52 15:3 
Exposed - top half 71 o> ' 1:68 2.98 1.87 0.35 10.1 


continued.. 
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Table A-56 (cont.) Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 





NEUT Unexposed 133 7 SAC 2:20 0:27 °0;080 
Exposed - low half 23 2 0.54 S70 1.74 0.33" 9:29 
Exposed - top half as 3 SOS 8.21 4.09 0.94 17.8 

NHI Unexposed 162 a Ps Wee alo 3:03 0.66 0.71 
Exposed - low half 9 10:26 3.89 1:38 “O.15 3128 
Exposed - top half 8 OPO: 12 0.00 0.01 0.00 10.5 

IT Unexposed 105 Tm e241 2.91 0.56 0.64 
Exposed - low half 37 ia OL66 1.51 0.48 0.06 4.06 
Exposed - top half 37 4 0.93 4.30 1.618 0:45 On 

IA Unexposed AS 72.57 2.73 0.91 0.66 
Exposed - low half 33 20:63 3.17 1.16 0.22°6.47 
Exposed - top half 33 31220,80 3.74 1.38 0.33'55.80 

ITRI Unexposed 174 122,473.86 eC a 0.63 0.34 
Exposed - low half 3 O 0.07 0.00 0.01 0.00 18.3 
Exposed - top half 2 oO 0.08 0.00 0.00 0.008TS:3 


B2: Assessed exposure to chemicals and 
other workplace exposures 


C2 Unexposed Ti 8 1.45 5.50 0.38 0.16 
Exposed - low half 4 O 0.08 0.00 0.00 0.00 8.59 
Exposed - top half 4 O 0.09 0.00 0.00 0.00 7.12 

C3 Unexposed 99 8.71.88 4.25 0.39 0.25 
Exposed - low half 3 0 0.03 0.00 0.04 0.00 34.7 
Exposed - top half 3 40.06" 15.16 6.71 0.48 94.0 

C4 Unexposed 43 4 0.74 5.43 0.24 0.089 
Exposed - low half 10 On SO:1S 0.00 0.00 0.00 3.58 
Exposed - top half 9 07 0:14 0.00 0.00 0.00 6.42 

C7 Unexposed 65 Betis 4.23 0.28 0.82 
Exposed - low half 12 OF 40.30 0.00 0.00 0.00 2.96 
Exposed - top half 11 hoe OAs 5.76 1.38 0.14 13.8 

cs Unexposed 59 Ay. wy 3.43 0.18 0.63 
Exposed - low half 16 OF. 40.37 0.00 0.00 0.00 2.94 
Exposed - top half 16 ZNeUe9 6.90 2.19 0.35 tee 

cg Unexposed 119 9 2.40 3.75 0.14 0.070 
Exposed - low half Z O 0.02 0.00 0.04 0.00 54.2 
Exposed - top half Z 1 0.02 54.28 26.12 1.50 455 

c10 Unexposed 53 4 0.94 4.26 0.21 0.80 
Exposed - low half 7 2 0.18 10.84 3.36 0.46 24.6 
Exposed - top half 7 0. 0.17 0.00 ' 0.00 0.00 5.20 

C11 Unexposed 68 5. «0ls09 4.59 0.92 0.70 
Exposed - low half Z 1 0.22 4.50 1.09 Ol tOs ew 
Exposed - top half 6 1 0.14 7.06 1.68 0.16 17.8 

C12 Unexposed 87 5.63 3.07 OFZ 0.18 
Exposed - low half 8 2eeOno 10.617, 4.49 0.79 38.3 
Exposed - top half 8 1 O22 8.05 2,90 0:28 72907 

C13 Unexposed 58 5a 1-00 5.00 0.92 0.68 
Exposed - low half 14 1 0.24 4.09 0.80 0.08 7.62 
Exposed - top half 14 y 0.80 3.34 0.65 0.07 6.14 

C14 Unexposed i 30 4 0.50 8.03 0.11 0.17 
Exposed - low half / 19 OF £0.30 0.00 0.00 0.00 1.50 
Exposed - top half 18 ih epsts 2.84 01322 0:03 3sc2G 
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Table A-56 (cont.) Cases 95% Cl p for 











Controls Obs Exp O/E OR from to p trend 
C15 Unexposed 67 5 11,06 4.70 0.28 0.45 
Exposed - low half 9 Oe. 13 0.00 0.00 0.00 5.87 
Exposed - top half 9 2°mutse 10,63 2.70 Osos 7a 
C16 Unexposed 34 3 0.58 5.18 0.24 0.11 
Exposed - low half 19 1 0.48 2.09 0.37 0.03 4.05 
Exposed - top half 19 0O4:028 0.00 0.00 0.00 2.42 
C17 Unexposed 115 Sea2ie2 3.60 0.46 0.39 
Exposed - low half 3 O 0.06 0.00 0.01 0.00 18.6 
Exposed - top half 3 150,098 10.94 4.42 0.33 58.5 
C20 Unexposed 64 6 les 7, 4.37 0.38 0.66 
Exposed - low half 13 Oe 0522 0.00 0;00 0,00 3.77, 
Exposed - top half 12 120,26 4.07 0.90 0.10 8.56 
C23 Unexposed 13 ‘Vee O21 4.71 0.10 0.15 
Exposed - low half 37 torO.82 Lee 0.24 0.01 4.29 
Exposed - top half 37 6 0.79 7.63 183031 917.5 
C24 Unexposed 31 14, 0.52 1.94 0.42 0.19 
Exposed - low half 25 24=0.60 Baal 1.84 0.15 22.1 
Exposed - top half 25 4 0.63 6.37 3.89 0.40 38.1 
C26 Unexposed 94 8 1.70 4.71 0.39 0.76 
Exposed - low half 8 O 0.14 0.00 0.00 0.00 5.80 
Exposed - top half 7 stort #2 C8 duped § Ree © 4 2.47 0.24 25.4 
C28 Unexposed 51 5 0.91 5.48 0.21 0.11 
Exposed - low half 15 tT O32 aut 0.52 0.05 5.01 
Exposed - top half 14 0 0.30 0.00 0.00 0.00 2.25 
C31 Unexposed 45 5 1.44 3.47 O71 0.66 
Exposed - low half 31 ih fOLisks 1.69 0.42 0.05 3.89 
Exposed - top half 31 Zu tO 2.87 0:76 G13 4.35 
C32 Unexposed 49 Due 20 1 3532 0.71 0.51 
Exposed - low half 27 2am. O2 3.88 1.10 0.19 6.29 
Exposed - top half 27 1 0.60 1.67 0.44 0.05 4.09 
C33 Unexposed 45 4 1.49 2.69 0.46 O72 
Exposed - low half 38 4 0.83 4.84 1.80 0.40 7.99 
Exposed - top half 35 ta. 068 1.48 0.49 0.05 4.65 
TRI1 Unexposed 87 pee oe Fe 235 0.0057 0.0018 
Exposed - low half 8 2m O30 14:97 8.29 1.26 54.7 
Exposed - top half 7 OO Ry Ee 8 ek 188252920 Au 
TRI2 Unexposed 128 tage. 2.42 0.018 0.0052 
Exposed - low half 11 2m 0220) 1022 S11 O67 30.) 
Exposed - top half iy | Sm Ufo. 10.25 9.81 1.94 49.7 
TEN2 Unexposed 128 Tm 2.90 2.42 0.014 
Exposed Fas) 5 0.47 10.67 5.47 1.52 19.7 
B3: Actual and potential contamination 
Cases 95% Cl p for 
Controls Obs Exp O/E OR_ from to p trend 
NDCN Unexposed 139 7? 28 2.35 0.21 0.096 
Exposed - low half 26 2m LiOs 3.00 1.32 0.25 6.94 
Exposed - top half 14 3, 0.36 8.41 4.31 0.95 19.6 
NALP Unexposed 170 Oe Vora 2.64 ea 0.11 
Exposed - low half 6 (Rage eve ds: 6.38 2.66 °0:255 20.0 
Exposed - top half 3 1 (0.077 14:97 9257 0.63" 139 
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Table A-56 (cont.) Cases 95% Cl p for 











Controls Obs Exp O/E OR from to p trend 
NBEG Unexposed 143 Jaa 3-0S 2.27 0.31 0.13 
Exposed - low half 24 <<}. (e(eiy 4.89 2.40 0.56 10.4 
Exposed - top half AZ Pe od 9 5< ih 6.45 3,236 0/07 Foal 
HEAV Unexposed 168 11 3.76 2.93 0.40 0.91 
Exposed - low half 6 Te On 14 9.20 3.68 0.36 37.3 
Exposed - top half 5 O 0.13 0.00 0.01 0.00 9.51 
CLEA Unexposed 174 SIRE te ha 4 2.84 0.64 0.44 
Exposed - low half 4 I lng 8 014 8.05 3.43 0.32 36.3 
Exposed - top half 1 0 0.01 0.00 0.07 0.00 193 
CON1 Unexposed Zs 9a 22/3 3.29 On/3 0.73 
Exposed - low half 28 i OLGZ 1.61 0.45 0.05 3.78 
Exposed - top half 28 2 0.65 3.09 0.90 0.18 4.52 
CON2 Unexposed 76 6 1.96 3.05 0.12 0.46 
Exposed - low half 52 1 1.14 0.88 0.26 0.03 2.14 
Exposed - top half on 5 0.90 5.56 1-855 0:56.65 
FIRE Not involved 176 lis 3.90 2.82 0.27 
Involved 3 {0.00 9.73 4.71 0.39 56.9 
IN57 Not in workforce 154 Oe S100 220), 0.23 
In workforce 25 3 0.50 5.98 2-508 0:6 Ors 
B4: Work area/job (if more than 5% of period) 
Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 
PJ1 <5% of period 152 NOD 3.02 2.85 0.65 
> =5% of period 27, 2 0.48 4.15 1.47 0.30 7.23 
PJ2 <5% of period 165 TUR ses 2.65 0.15 
> =5% of period 14 Zae0 22 9.06 3.95" O-7se2iec 
PJ4 <5% of period 175 11 3.94 2.79 0.14 
> =5% of period 4 13 O06) 1G6si7 9.93 0.64 154 
PJ6 <5% of period 173 125 73:92 3.06 0.46 
> =5% of period 6 O 0.08 0.00 0.02 0.00 14.4 
PJ7 <5% of period 172 1C33.76 2.66 0.16 
> =5% of period 7 2 0:24 8.43 4.04 0.69 23.7 
PJ8 <5% of period 164 Ja 3106 1.90 0.00067 
> =5% of period 15 5 0.32 15.48 12.63 3.24 49.2 
PJ <5% of period 161 12.09 3.24 0.15 
> =5% of period 18 Oe Ors) 0.00 0.00 0.00 3.70 
PJ12 <5% of period 168 T 1g 3:67, 3.00 0.98 
> =5% of period 11 1 0.34 2.97 0.97 0.11 8.34 
PJ16 <5% of period 158 11. 43.54 310 0.70 
> =5% of period 21 1 0.46 2a 7, 0.87 0.09" 5:31 
PJ17 <5% of period 174 1a 329s 2.79 0.19 
> =5% of period 5 Te Oger has 6.29 0.58 67.9 
PJ18 <5% of period 176 1050 3-61 2.62 0.10 
> =5% of period 9 2 0.19 10.64 5.21 0.89 30.5 
PJ19 <5% of period 170 1Za! 3-84 Sele 0.31 
> =5% of period ff 9 Oo 0.16 0.00 0:076 0.005 7229 
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Table A-56 (cont.) 








C: Variables evaluated over 12 week 
pre-conception period 





C1: Measured radiation exposure Cases 95% Cl p for 
Controls Obs Exp O/E OR_ from to p trend 
PJ20 <5% of period 174 Ti, 3.88 2.84 0.35 
> =5% of period 5 Ly Osa 8.24 3.01 O33 36.8 
PJ21 <5% of period 150 10.%.3.42 2.93 0.87 
> =5% of period 29 2 | 0358 3.42 1.15 0.24 5.58 
PJ22 <5% of period 176 125..3.94 3.05 0.53 
> =5% of period 3 O 0.06 0.00 0.01 0.00 19.9 
PJ25 <5% of period 160 Tt 43:57 3.08 0.76 
> =5% of period 19 TS. 0.43 2.34 0.72, 0.092579 
PJ29 <5% of period 150 1283.42 SOU 0.043 
> =5% of period 29 oO 0.58 0.00 0.00 0.00 1.81 
PJ31 <5% of period is TZ 3:96 3.03 0.60 
> =5% of period 6 O 0.04 0.00 0.03 0.00 28.0 
XG Unexposed 60 Sa. 7 3 0.42 0.34 
Exposed - low half 60 4 0.90 4.46 2.64 0.55 12.7 
Exposed - top half 59 64.1538 3.64 2.18 0.48 9.78 
HIDA Unexposed 168 T2371 3.24 0.38 0.16 
Exposed - low half 10 O 0.27 0.00 0.00 0.00 4.21 
Exposed - top half 1 Oned, O02 0.00 0.00 0.00 48.8 
RMAX Unexposed 60 3) 41576 WaTA®) 0.26 0.34 
Exposed - low half 60 4 0.90 4.45 2.68 0.58 12.4 
Exposed - top half 59 5 1.34 ELF 2.28 0.52 9.94 
NEUT Unexposed 145 SeersStss 2.40 0.14 
Exposed 34 4 0.67 5.96 2:79 O87 6T0.3 
NHI Unexposed 167 Tay 3376 293 O.72 
Exposed 22 1 0.24 4.14 12533 SOM 7ie i420 
IT Unexposed Us Bee 205 2a1-5 0.92 0.68 
Exposed - low half 34 20264 oa Used ohee toric yes 
Exposed - top half cy. 3 0.81 3.70 1.36 093205771 
IA Unexposed 114 Jaer2259 PET 0.90 0.65 
Exposed - low half 33 2 O64 3.30 Ia2S (O:23 V6i44 
Exposed - top half Sz SeOLoe 3.70 12398) OlsSa5.80 
ITRI Unexposed 177 12 3.94 3.05 0.82 0.54 
Exposed - low half 1 0 0.02 0.00 02029 6:00 51.7 
Exposed - top half 1 O 0.04 0.00 0:01, 02003214 





C2: Assessed exposure to chemicals and 
other workplace exposures 





Cases 95% Cl p for 

Controls Obs Exp O/E OR from to p trend 

C2 Unexposed 84 8 1.59 5.02 0.52 0.25 
Exposed - low half ‘s' O 0.06 0.00 0.00 0.00 11.4 
Exposed - top half 4 O 0.06 0.00 0.00 0.00 11.7 

C3 Unexposed 100 9 1.95 4.62 0.67 O47 
Exposed - low half 3 O- 0:03 0.00 0.01 0.00 31.8 
Exposed - top half 3 040.06 0.00 0:01 0.00"14.5 
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Table A-56 (cont.) Cases 95% Cl p for 


Controls _ Obs Exp O/E OR from to p trend 

C4 Unexposed 53 5 0.99 5.06 0.053 0.29 
Exposed - low half 3 O 0.24 0.00 0.00 0.00 3.06 
Exposed - top half 6 2) MeOSy 21.83 6.31 0.84 47.4 

C7 Unexposed 85 WY -aasye! 4.45 0.18 9.00 
Exposed 11 O 0.20 0.00 0.00 0.00 4.09 

cs Unexposed 69 5F) 1234 Sess 0.76 0.84 
Exposed - low half 19 EE O.42 2:36 0.60 0.07 5.42 
Exposed - top half 10 tee 0. 15 6.76 1,85, Ost9e 1228 

cg Unexposed igi 9 2523 4.04 0.85 0.57 
Exposed - low half 3 OFF 0:03 0.00 0.01 0.00 36.4 
Exposed - top half 1 OF O01 0.00 0:01, 0:00) 7922 

C10 Unexposed 63 to F 6.55 0.16 0.053 
Exposed - low half a OnnOrZS 0.00 0.00 0.00 2.18 
Exposed - top half 2. QO 0.04 0.00 0.00 0.00 15.0 

C11 Unexposed 81 6 1.40 4.27 0.66 0.64 
Exposed - low half 8 1 0.20 5.03 1.19 Ost2e1he6 
Exposed - top half 4 O 0.09 0.00 0.01 0.00 9.52 

C12 Unexposed 98 Sy. 84 2.57 0.13 0.046 
Exposed - low half Ze Te.0.098 751 12 10 4.80 0.46 49.7 
Exposed - top half 4 1 0.04 26.83 14.21 erage 

C13 Unexposed 75 5 1.41 3.54 0.56 0.38 
Exposed - low half 8 1 0.09 10.98 3.44 0.33 36.4 
_ Exposed - top half 14 EwO.14 Pe 4 2.20 Os2imeeo 

C14 Unexposed 43 Sr 0.79 6.35 0.22 0.11 
Exposed - low half 22 ub Re! 3.06 0.42 0.04 3.96 
Exposed - top half 9 Om OF22 0.00 0.00 0.00 2.64 

C15 Unexposed 80 8 1.44 5:58 0.23 0.088 
Exposed - low half 9 OF 0,13 0.00 0.00 0.00 5.07 
Exposed - top half 5 O, 9 O18 0.00, 0.00 0.00 5.02 

C16 Unexposed 46 4 0.85 4.68 0.83 0.62 
Exposed - low half yap: le OF3d 2.68 0.52 0.06 4.91 
Exposed - top half 12 } hey SalZ 0.66 0.06 6.85 

C17 Unexposed 111 Sy 2018 3.66 0.00015 0.019 
Exposed - low half 4 Cm OL0S 0.00 0.00 0.00 12.5 

Exposed - top half 0 te 0.00 0.00 (Top vs Low & Unexp, Exact p= 0.073) 

C20 Unexposed qe} Gai: os 3.93 0.57 0.63 
Exposed - low half 10 io O18 5.66 1.45 O75 > 714c0 
Exposed - top half if 02 0.12 0.00 0.00 0.00 7.76 

C23 Unexposed 19 20 eo 6.76 0.44 0.29 
Exposed - low half 52 6 0.95 6.31 0:90% Osl'beSs2a 
Exposed - top half 20 1 0.49 ZOOS OFZ680(0 283226 

C24 Unexposed 36 2 0.66 3.04 0.45 0.46 
Exposed - low half 31 5 0.64 UWENS 2:97 0.52 16.9 
Exposed - top half 14 2p OL36 5.51 1.95. 0,245 18.2 

C26 Unexposed 96 Sx? 1.87 4.29 0.25 0.23 
Exposed - low half 6 Ow 0.05 0.00 0.01 Q:0001727 
Exposed - top half 2 1 0.04 23.42 12:17, 0.60. 249 

C28 Unexposed 57 Ga 11.04 5.77 0.040 0.011 
Exposed - low half f 21 O 0.45 0.00 0.00 0.00 1.43 
Exposed - top half 10 Ou ae 0.00 0.00 0.00 2.87 


ae continued.. 


Table A-56 (cont.) Cases 95% Cl p for 





Controls Obs Exp O/E OR from to p trend 
C31 Unexposed 55 oe yy: 3.48 0.78 0.60 
Exposed - low half 29 2 0.48 4.21 1.13 OM@ig6:10 
Exposed - top half 26 i. 51 1,95 0.51 0.06 4.21 
C32 Unexposed 61 a8 4.81 3.07 0.25 0.28 
Exposed - low half 28 24S 4.62 Ta10 O22i 2.5586 
Exposed - top half 18 0 0.34 0.00 0.00 0.00 2.83 
C33 Unexposed 56 6 > 4.69 3.56 0.12 0.20 
Exposed - low half ud 3 0.66 4.54 1:21 50:27 5.40 
Exposed - top half 31 O 0.56 0.00 0.00 0.00 1.85 
TRI1 Unexposed 100 82.40 3.30 0.29 0.36 
Exposed - low half 12 Zee ON GOmmel 2e25 4.40 0.74 26.3 
Exposed - top half 1 0 0.04 0.00 0:03: “0.002925 
TRI2 Unexposed i ed 9. 3/05 2.96 0.25 0.30 
Exposed - low half 43 AIeOs7 7 t 1473 4.79 "OB202/25 
Exposed - top half 1 O 0.04 0.00 0.01 0.00 33.4 
TEN2 Unexposed 30 9s 02 2.98 0.26 
Exposed 16 Ze. 26 rere) 2.0/7 O0:63945.5 
C3: Actual and potential contamination Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 
NDCN Unexposed 174 ys -Shfa¥s! 3.10 0.66 0.37 
Exposed - low half 4 OF 0.74 0.00 0.01 O200mi1-1 
Exposed - top half 1 Our 02 0.00 0.01 0.00 60.9 
NALP Unexposed 178 LAS. 92 3.03 0.63 
Exposed 1 O 0.04 0.00 0.01 0.00 34.0 
NBEG Unexposed 175 1235 3.91 3.07 0.75 0.44 
Exposed - low half 3 Oy 0:07 0.00 0.01 ~0:00551'6:9 
Exposed - top half 1 OR O:02 0.00 0.01 0.00 61.5 
HEAV Unexposed Urey WAS SRRYs' 3.03 0.59 
Exposed #2 O 0.05 0.00 0.02 0.00 27.0 
CON1 Unexposed 142 1057 3:13 3.19 0.88 0.63 
Exposed - low half 36 2.0.86 233 0.70 0.14 3.40 
Exposed - top half 1 O 0.01 0.00 0.05 0.00 150 
CON2 Unexposed 96 Th PREIS, 2.93 0.88 0.96 
Exposed - low half 80 5 4,58 Sols 1.04 0.31 3.51 
Exposed - top half 3 0 0.04 0.00 0:04 O:0083333 
IN57 Not in workforce 179 12 4.00 3.00 
In workforce 0 O 0.00 0.00 





C4: Work area/job (weighted days in 12 week 
pre-conception period) 


Controls Obs Exp O/E OR from to p trend 

JB1 Unexposed 154 eh ey, 3.08 0.90 0.71 
Exposed - low half 24 1 0.44 2.45 0.75 0.09 6.26 
Exposed - top half 1 07. 0.02 0.00 0.02 0.00 52.1 

JB2 Unexposed 166 LOWES 2.65 0.28 0.24 
Exposed - low half 12 2.020 16.14 4.56 0.82 25.3 
Exposed - top half 1 © 0:02 0.00 0.02 0.00 60.6 

JB4 Unexposed 176 11 3.94 2.79 0.15 

Exposed 3 1s 0:0655:15.53 8.85 0.63 125 


continued.. 
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Table A-56 (cont.) 


Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 
JB6 Unexposed 176 12 3.96 3.03 0.61 
Exposed S QO 0.04 0.00 0.02 0.00 30.4 
JB7 Unexposed 176 1874, Sh eo, 3.07 0.43 
Exposed 3 O 0.10 0.00 0.01 O:601270 
JB8 Unexposed 168 10 3.74 2.68 0.22 
Exposed 11 2 O27 7.50 3.21 0.59 17.4 
JB9 Unexposed 167 V2 3s75 Sh 11s) 0.47 0.22 
Exposed - low half ‘lal O 0.22 0.00 0.00 0.00 5.28 
Exposed - top half 1 OF .0101 0.00 0.01 0.00 116 
JB12 Unexposed 172 125.79 3.17 0.24 
Exposed 7 O . «0321 0.00 0.00 0.00 5:55 
JB16 Unexposed 164 140" 23269 2.98 0.94 
Exposed 15 1 0.31 3.19 1.09 ON3Se937 
JB17 Unexposed 174 Wi See 2.80 0.19 
Exposed 5 P2007) “13370 6.29 0.58 67.9 
JB18 Unexposed 174 1 sStes 2.0838 0.30 
Exposed 5 Wes034 924 4.15 0.38 45.7 
JB19 Unexposed VY i ZarSeSS 3.09 0.37 
Exposed 7 Of 0812 0.00 0.01 0.00 9.94 
JB20 Unexposed WT 12, 43,96 3.03 0.63 
Exposed 2 O 0.04 0.00 0.04 0.00 30.5 
JB21 Unexposed 154 TOR sS.00 2.85 0.88 0.69 
Exposed - low half 24 2 O48 4.17 1.47 0.29 7.39 
Exposed - top half 1 Oo 0.01 0.00 0.06 0.00 130 
JB22 Unexposed 178 tz: 3.98 3.03 0.63 
Exposed 1 0 0.04 0.00 0.01 0.00 30.5 
JB25 Unexposed 169 Wi. <Si8a 2.89 0.75 0.70 
Exposed - low half 9 is obaky/ 5.99 2:23 O824920'5 
Exposed - top half 1 0 -'0.02 0.00 0.02 0.00 64.0 
JB29 Unexposed 178 ¥2> 43:98 3.01 0.73 
Exposed 1 Oms0502 0.00 0:02, OFOOMG6G IZ 
JB31 Unexposed 173 12 3.96 3.03 0.60 
Exposed 6 O 0.04 0.00 0.03 0.00 30.4 


Table A-57: Observed and expected cases, and odds ratio's for all leukaemia and non-Hodgkin's 


lymphoma (LNHL) 





A: Variables not dependent on choice 
of pre-conception exposure window 


Cases 95% Cl p for 
Controls Obs Ex O/E OR from to trend 
DOBQ 1950-69 87 A126 £370 3.25 a 
1970+ 92 A» 82:10 1.91 0.52 0.16 1.74 
Dosa 1950-64 85 134 ¢3:56 3.65 0.063 
1965+ 94 3, @2.238 1.34 0.32 0.09 1.18 
Quia 1950-1974 41 PE Be, 0.99 0.037 
1975+ 138 144 $3378 Sai 4.19 1.theaddsi 
DODX 1950-59 - Ong0238 0.00 - 0.00 10.20 Confidence intervals 
1960-69 - A226 Sas - 0.86 8.43 for O/E ratios. 
1970-79 - 74 @1285 Sere - 1.50 8.03 _ p for equal O/E 
1980+ - 5) 82:30 eo - 0.70 5.17 . ratios = 0.39 
SEX Male 93 OF 3.25 2.79 0.93 
Female 86 7 2.56 2313 0,960.33 2.75 
FAGE <25 36 Oe 1416 0.00 0.0030 0.00 0.72 0.015 
25-34 109 10 3.24 3.09 0.62 0.205.141.9094 
35+ 33 64 OT236 4.42 
FBTH Cumbria 103 Se 3:65 2.47 0.26 
Elsewhere 62 4. BP.60 4.37 1.87 0.64 5.48 
SEAS Born elsewhere 140 104% S239 1.86 0.0005 
Seascale born 39 6 0.41 14.8 8.67 2.90 25.91 
JOBC Industrial 118 U1 9 24:61 2.44 0.44 
Non-industrial 61 Si BT228 3.91 1:55750-5h2 4:66 
PCE Yes 155 13 4.36 2.98 0.69 
No 24 39 81.43 2.09 0.76 0.194 3.03 
TIME fe) 24 3 1.43 2.09 0.20 0.17 
0.1 to 4 years 78 4 2.36 Acea 0.71 0.14 3.54 
> 4 years rei 9m 62:02 4.45 2.08 0.49 8.79 
DIST <= 11.5 km 98 10— 2:77 3.61 0.23 
>11.5 km 81 6 73.02 1.99 0.52 0.18 1.54 
MIGR <=0.28 102 Te t40s Tah 2 0.780 
>0.28 re Qe 1s71 5:26 1:044057%e 12 
B: Variables evaluated over total 
pre-conception period 
B1: Measured radiation exposure 
XG Unexposed so 4 1.87 2.14 o.37 0.27 
Exposed - low half tZ SeeLOo Veale 0.76 0.15 3.71 
Exposed - top half 72 9 E2277 3.96 1.82 0.50 6.62 
HIDA Unexposed 114 9st Ss 2.52 0.78 0.56 
Exposed - low half eT Sa leis 2.54 0.96 0.24 3.82 
Exposed - top half 28 4 1.04 3.84 1.56 0.43. 6.61 
RMAX Unexposed 36 4eTA87 2.14 0.87 0.77 
Exposed - low half 72 Ba (4.57 Bice 14620;355 6,01 
Exposed - top half 71 I G2ma 2.89 1.27 0.34:0:4,82 
continued.. 
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Table A-57 (cont.) 





NEUT 


NHI 


ITRI 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 





B2: Assessed exposure to chemicals and 
other workplace exposures 


C2 


C3 


C4 


C7 


cs 


cg 


C10 


C11 


C12 


C13 


C14 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 


Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Unexposed 
Exposed - low half 
Exposed - top half 


Cases 
Controls Obs Exp O/E 
133 11 4.54 2.42 
23 2 0.74 PL TP 
23 Sm Onon 5.89 
162 153 5:25 2.84 
9 0536 2G 
8 0 *0.15 0.00 
105 9753152 2.56 
37 1 0.89 1.12 
ae. 6 1.38 4.34 
(ie eh /E) 2.41 
33 2 0.86 Zc2 
eh 5 "1.20 4.18 
174 15 65.59 2.68 
3 O 0.088 0.00 
a 1044 8.78 
77 A 22 Lo ee] 
4 O 0.10 0.00 
4 OF Ons 0.00 
99 U1 ee2664. 4.17 
3 O 0.039 0.00 
3 1 0.087 his 
43 4 1.00 3.99 
10 OF FOz28 0.00 
9 2.80516 20 
65 6° 21.63 3.68 
12 O 0.45 0.00 
11 hm 18 | 10.8 
59 4 1.63 2.46 
16 O 0.54 0.00 
16 4 0.41 9.80 
119 11 3.41 S20 
2 0 0.028 0.00 
72 10027 S750 
53 Cyto 4.44 
7 Pie At ed 7.90 
7 OF O72 0.00 
68 Smee leoD Boll7 
7 Oesi2 Sele 
6 OS 5.14 
87 8 ¥2:33 3.44 
8 20.26 7.83 
8 1 4047 6.02 
58 7 3.43 4.91 
14 0.34 2.91 
14 2 Olan 4.83 
30 4 0.72 5.58 
19 O 0.45 0.00 
18 3 0.51 5.94 - 


if 


95% Cl 

OR from to 
1. VOR 2 Ba5t52 
2.60 0:647°-10:57 
0.99 0.11 9.03 
0.012 0.00 8.52 
0.34 0.05 3.21 
1.79 0.58 5.60 
93 0.19 4.58 
1.84 0.56 6.07 
0.016 0.00 15.63 
5.45 0.34 88.60 
0.004 0.00 7.25 
0.003 0.00 5.40 
0.022 0.00 22.94 
4.13 O0:30856974 
0.002) 0.O0OnmessZzs 
3.65 0.54 24.89 
0.001 0.00 2.25 
4.00 0.77 20.82 
0.002 0.00 2.76 
5.34 1.11 25.69 
0.028 0.00 41.40 
20-1) "1. [eis 4 2a 
2.21 OLS3 14296 
0.002 0.00 3.75 
O:62> 0:06) 6:24 
1.01 0.10 10.07 
Sey Asy LOR] Aertel) 
1.82 O19Mivzes5 
0.55 0.06 4.98 
1:00 0. 18e8a86e72 
0.0006 0.00 1.48 
Lctiioe (hPa eked 


p for 

p__ trend 
0.46 0.25 
0.62 «0.52 
0.29 0.40 
0.59)" [0:37 
0.40 0.38 
0:284) 20219 
0.51 0.41 
0.11 0.39 
0.038 ~. 0:29 
0.016 0.079 
0.17 0.095 
0.23 0.54 
0.92." 0.87 
0.47 0.37 
0.85 0.89 
0.089 0.99 
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Table A-57 (cont.) Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 








C15 Unexposed 67 6 1.49 4.03 0.69 0.40 
Exposed - low half 9 Vee O89 5.15 1 SONOsts 1.3.04 
Exposed - top half 9 2m OrZ 7.95 2.30 0.37 14.26 

C16 Unexposed 34 Sams! he 72 0.21 0.32 
Exposed - low half 19 35.0,69 4.36 1.2? O22 74) 
Exposed - top half 19 Oee0rssS 0.00 0.0089 0.00 2.55 

C17 Unexposed Uitte ai iis: 3.48 0.53 0.52 
Exposed - low half 3 O 0.689 0.00 0.016 0.00 15.38 
Exposed - top half 3 Tae Oe12 8.13 3.21 0.25 40.88 

C20 Unexposed 64 Sum legs 4.14 0.90 0.66 
Exposed - low half ihe: 1540.33 3.05 0.68 0.07 6.23 
Exposed - top half 12 tess 3.06 0.68 0.75 6.18 

C23 Unexposed 13 1280:34 2.98 0.027 0.035 
Exposed - low half 37 Tee let) 0.90 0.28 0.02 4.94 
Exposed - top half 37 S etiz 7.16 2.97 0.32 27.54 

C24 Unexposed 8a ino.6S 1.47 0.31 0.13 
Exposed - low half 25 Senos 3.45 2,00 0.25 26.235 
Exposed - top half 25 5 0.91 5.48 4.70 0.50 44.31 

C26 Unexposed 94 See 2ss 3.86 0.017 0.050 
Exposed - low half 8 OF O222 0.00 0.005 0.00 4.37 
Exposed - top half Z SEBS 27 10.3 1.83. 57.90 

C28 Unexposed 51 7 428 5.45 0.092 0.037 
Exposed - low half 15 1 0.46 2.19 0.35 0.04 3.16 
Exposed - top half 14 O 0.41 0.00 0.001 0.00 1.64 

C31 Unexposed 45 Jame 3 3.28 0.38 0.96 
Exposed - low half 31 ig G83 21 0.30 0.04 2.38 
Exposed - top half 31 4 0.98 4.08 1.18 0.30 4.64 

C32 Unexposed 49 dae 2223 3.14 0.95 0.97 
Exposed - low half 27 2 0F7 2 2.80 0.78 0.14 4.18 
Exposed - top half 27 SeROLG7 3.46 1.01 0.23 4.44 

C33 Unexposed 45 6. 32220 243 0.97 0.97 
Exposed - low half 38 4 1.16 3.45 11 740:29554,66 
Exposed - top half 35 3 0.99 3.03 1.00 0.22 4.44 

TRI1 Unexposed 87 Ging 3:10 2.91 0.042 0.013 
Exposed - low half 8 2 0.20 TOR 4.11 0.68 24.85 
Exposed - top half 7 S- O22 13.8 8.12 1.39 47.38 

TRI2 Unexposed 128 ieee 5 2.65 0.081 0.026 
Exposed - low half ct Lente 7 7.40 S.470.07 17.03 
Exposed - top half 11 3 0.28 10.8 5.61 1.18 26.66 

TEN2 Unexposed 128 10 34:15 2.41 0.014 

Exposed 25 6540.67 8.93 4.711246 15.13 

B3: Actual and potential contamination 

NDCN Unexposed 139 9 4.33 2.08 0.20 0.078 
Exposed - low half 26 4 0.98 4.09 22280. 6)| ee ola 
Exposed - top half 14 3 0.49 6.15 3.48 0.80 15.13 

NALP Unexposed 170 14 5.46 2.56 0.41 0.20 
Exposed - low half 6 1. 20,24 4.10 1.69 0.18 15.86 
Exposed - top half 3 1 0.091 11.0 6.66 0.46 95.51 

NBEG Unexposed 143 9 4.48 2.01 0.13 0.088 
Exposed - low half 24 5 0.89 5.60 3.47 1.01 11.89 
Exposed - top half Wee 2 0.42 4.81 2.67 0.49 14.43 
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Table A-57 (cont.) Cases 95% Cl p for 





Controls Obs Exp O/E OR from to p trend 
HEAV Unexposed 168 15 5.47 AYE 0.42 0.76 
Exposed - low half 6 1 0.14 6.94 2.85 0.28 28.46 
Exposed - top half 5 O 0.18 0.00 0.011 0.00 7.66 
CLEA Unexposed 174 14 5.60 2.50 0:033 2021 
Exposed - low half 4 1 0.19 5.39 2.51 0.24 26.01 
Exposed - top half 1 1 0.012 86.5 264 2.62 26556 
CON1 Unexposed 123 eh Sh AY) 3.28 0.37 0.30 
Exposed - low half 28 1 0.89 Toe, 0.30 0.04 2.40 
Exposed - top half 28 2 0.94 Zeal 0.59 O12) 2.52 
CON2 Unexposed 76 8 2.86 2.80 0.026 0.33 
Exposed - low half HZ 1 1.64 0.61 0.18 0.02 1.48 
Exposed - top half 51 doles 5.42 2.01 0:65 *"Gi72 
FIRE Not involved 176 Gye Bilas 2.66 0.38 
Involved 3 1 0.15 6.81 3.40 U.20 [ogee 
IN57 Not in workforce 154 12 ~5:04 2.38 0.18 
In workforce 25 4 0.75 5.35 2-46 .Ol7 1) oso 
B4: Work area/job (if more than 5% of period) 
PJ1 <5% of period 152 12. 35d Push) 0.14 
> =5% of period 27 4 0.68 oe ai) 2.75 0.79 9.59 
PJ2 <5% of period 165 14 5.51 2.54 0.22 
> =5% of period 14 Za OZ J ule 3.09 0.59 16.20 
PJ4 <5% of period 175 15 5.69 2:63 0.22 
> =5% of period 4 tL OhaKe 10:2 6.31 0.42 95.55 
PJ6 <5% of period 1i3 16 5.66 2.83 0.37 
> =5% of period 6 OF OG: ts 0.00 0.011 0.00 9.98 
PJ7 <5% of period i ee 14 5.43 2.58 0.31 
> =5% of period 7 2S 6 5.50 2.58 0.46 14.62 
PJ8 <5% of period 164 11 5.34 2.06 0.0034 
> =5% of period 15 5 0.45 11.0 192 92.208 2e.0Z 
PJ9 <5% of period 161 16 5.40 2.96 0.11 
> =5% of period 18 0 0.39 0.00 0.003 0.00 3.21 
PJ12 <5% of period 168 1555.26 2.85 0.65 
> =5% of period 11 jee ORK 1.90 0.62 0.07 ~ 5.25 
PJ16 <5% of period 158 15 5.14 2.92 0.46 
> =5% of period 21 5 Pace, #1 1.54 0.48 0.06 3.76 
PJ17 <5% of period 174 15" "5.69 2.64 . 0.28 
> =5% of period 5 10a 9.49 4.38 0.42 46.03 
PJ18 <5% of period 170 14 5.56 2.02 0.15 
> =5% of period 9 2 Os24: 8.50 4.14 0.73 23.42 
PJ19 <5% of period 170 16 §.56 2.88 0.23 
> =5% of period 9 O 0.24 0.00 0.004 0.00 5.45 
PJ20 <5% of period 174 15 56.59 2.68 0.55 
> =5% of period 5 1 0.20 5.02 2360.21 2200 
PJ21 <5% of period 150 14 4.97 Zoe 0.80 
> =5% of period 29 2..0.82 2.44 0:82 .0A7* 3.00 
PJ22 <5% of period f 176 16, 6.70 2.81 0.45 
> =5% of period 3 Oo 0.10 0.00 0.009 0.00 13.71 
continued.. 
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Table A-57 (cont.) Cases 95% Cl p for 








Controls Obs Exp O/E OR from to p trend 
PJ25 <5% of period 160 To? 85220 2.88 0.53 
> =5% of period 19 1 0.59 1270 0.54 0.07 4.23 
PJ29 <5% of period 150 qilsh 1s) @)p. 3.19 0.024 
> =5% of period 29 Of 30377 0.00 GJ007- 0.0025 4.50 
PJ31 <5% of period 173 16 5.74 2.79 0.56 
> =5% of period 6 O 0.055 0.00 0.027 0.00 24.25 


C: Variables evaluated over 12 week 
pre-conception period 


C1: Measured radiation exposure 


XG Unexposed 60 5 .58 1.9 0.58 0.31 
Exposed -low half 60 4° 4125 3.21 1.61 0.40 6.44 
Exposed - top half 59 4 °@4.97 3.55 1.89 0.55 6.48 
HIDA Unexposed 168 16emorss 3.00 0.23 0.088 
Exposed -low half 10 0 0.42 0.00 0.004 0.00 2.90 
Exposed - top half 1 O 0.042 0.00 0.003 0.00 29.21 
RMAX — Unexposed 60 6 =2°63 2.28 0.87 0.63 
Exposed -low half 60 4 1.25 3.20 1.33°0:35 6:43 
Exposed - top half 59 Gr an.91 3.14 1.35 0.40 4.58 
NEUT Unexposed 145 12 4.86 2.47 0.36 
Exposed 34 4 0.94 4.27 1.84 0.53 6.31 
NHI Unexposed 167 15: 65.46 PLT AS, 0.91 
Exposed v2 T £0.33 3.04 1.14 0.134 10222 
IT Unexposed 113 9) 43.71 2.43 0.82 0.57 
Exposed -low half 34 3 59:87 3.44 1.44 0.36. .5.85 
Exposed - top half 32 4) 91t21 3.31 1.39 0.39 4.94 
IA Unexposed 114 9) 43:75 2.40 0.78 0.55 
Exposed -low half aye 3° 40.83 3.62 1.56 0.39 6.34 
Exposed - top half Si 4 1.21 Seoul 1.41 0.38 5.01 
ITRI Unexposed 177 16, 465.70 2.63 0.17 0.11 
Exposed -low half 1 0 0.038 0.00 0.033 0.00 36.98 
Exposed - top half 1 03057 17.4 47.1 0.52 4250 
C2: Assessed exposure to chemicals and 
other workplace exposures 
C2 Unexposed 84 TO “2.28 4.39 0.44 0.20 
Exposed -low half o O 0.085 0.00 0.004 0.00 9.50 
Exposed - top half 2 0 0.093 0.00 0.002 0.00 9.05 
C3 Unexposed 100 TT 22:74 4.01 0.58 0.30 
Exposed -low half %: 0 0.039 0.00 0.008 0.00 23.83 
Exposed - top half Ss 0 0.087 0.00 0.004 0.00 10.54 
C4 Unexposed 53 5b 4a.42 a Pf 0.30 0.13 
Exposed -low half 13 2 @0.55 5.67 1.62 0.26 10.08 
Exposed - top half 6 2 ,0AS 13.8 §.35 0.72 39.93 
C7 Unexposed 85 7 425 3.25 0.43 
Exposed 11 2 5.94 5.94 2.10 0.36 12.36 
cs Unexposed 69 6 1.86 3.22 0.94 0.79 
Exposed -low half 19 2 £0.62 =: Ag 0:99 0.18 5.52 - 
Exposed - top half 10 1 0.20 4.90 1.50 0.16 14.44 
continued.. 
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Table A-57 (cont.) Cases 95% Cl p for 








Controls Obs Exp O/E OR from to p trend 

c9 Unexposed 112 1 ¥3st5 3.48 0.81 0.52 
Exposed -low half 3 0 0.039 0.00 0.010 0.00 27.46 
Exposed - top half | O 0.016 0.00 0.008 0.00 67.36 

c10 Unexposed 63 9 "1:50 5.99 0.091 0.029 
Exposed -low half 14 0) 0.385 0.00 0.0009 0.00 21277 
Exposed - top half Z 0 0.059 0.00 0.002 0.00 10.43 

C11 Unexposed 81 8 1.94 4.13 0.52 0.38 
Exposed -low half 8 1 0.29 3.48 0:87 "O:08S"" 7.0 
Exposed - top half 4 O 0.15 0.00 0.003 0.00 5.88 

C12 Unexposed 98 7 2a Poy f 0.22 0.083 
Exposed -low half 7 1 ONS 7.63 3.17 0.32 31.06 
Exposed - top half 4 1 0.050 19.8 9.82 0.84 115 

C13 Unexposed 75 6 1.97 3.04 _ 0.18 0.31 
Exposed -low half 8 2 Orie 16:5 7.12 1.08 46.98 
Exposed - top half 7 k BOrZ2 4.64 1.67 0.16 17.44 

C14 Unexposed 43 3 i eal 5.42 0.53 0.36 
Exposed -low half 72 1 0.46 216 0/33 004° (2.87 
Exposed - top half 9 JeOrsz 3.09 0.51 0.05 "ercens 

C15 Unexposed 80 10 1.99 5.02 0.16 0.053 
Exposed -low half 9 O> 0:18 0.00 0.003 0.00 4.08 
Exposed - top half 5 Oo 0.19 0.00 0.0009 0.00 3.95 

C16 Unexposed 46 Seals 4.24 0.84 0.56 
- Exposed -low half 22 2 “0,56 3.60 0.80 0.14 4.62 
Exposed - top half 2 1 0.43 2u3:1 0.52 0.05" =516 

C17 Unexposed 111 10, Fsat0 3.20 0.0002 0.031 
Exposed -low half 4 0 °O:T1 0.00 0.005 0.00 10.25 

Exposed - top half (6) 1 0.00 0.00 (Top vs Low & Unexp, Exact p=0.087) 

C20 Unexposed Ue I 2uN3 3.28 0.87 0.62 
Exposed -low half 10 1 0.26 SIOZ 1.14 0.12 10.73 
Exposed - top half 7 AN  OS07 So. 1:92, OFS) Veron 

C23 Unexposed 19 2 0.44 4.53 0.70 0.57 
Exposed -low half we 7 PASS Drs6 V.17 (0:27 6263 
Exposed - top half 20 2 “Oasz2 2.79 0.58 0.07 4.89 

C24 Unexposed 36 2 0.85 237 0.34 0.29 
Exposed -low half oe 6” 0:92 6.49 3.32 0.60 “18°23 
Exposed - top half 14 3 0.56 Spe! 2.69 0.39 18.63 

C26 Unexposed 96 9 2.56 s.r OnE 0.11 
Exposed -low half 6 1 0.081 12.4 3.62 0.387 34:77 
Exposed - top half 22 1 0.071 14.2 8.68 0.43 174 

C28 Unexposed 57 8 1.47 5.43 0.0135 2OL0Gs 
Exposed -low half ZA O 0.64 0.00 0.0049 0.00 1.07 
Exposed - top half 10 0 0.31 0.00 0.0004 0.00 2.20 

C31 Unexposed Do (she eZ ilo) 42 3.18 0.94 0.74 
Exposed -low half 29 2 =0.66 3.05 0.84 0.16 4.36 
Exposed - top half 26 2 =O774 212 0.77 0.15 4.08 

C32 Unexposed 61 9 2.64 3.41 0.79 0.52 
Exposed -low half 28 Zee OF53 3.39 0.86. 0.17" 4:41 
Exposed - top half 18 1 9.50 1.99 0.50 0.06 4.17 

C33 Unexposed OG ee OS S20 0.46 0.27 
Exposed -low half e732 3. YO.92 3.25 0.89 0.21" 75.70 
Exposed - top half 31 1 0.83 Wane 0.30 0.04 2.59 

continued.. 
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Table A-57 (cont.) Cases 95% Cl p for 





Controls Obs Exp O/E OR_ from to p__ trend 

TRI1 Unexposed 100 High wae: 3.20 0.45 0.59 
Exposed -low half 12 2025 8.04 2.81 0.49 16.10 
Exposed - top half 1 O 0.057 0.00 0.017 0.00 19.97 

TRI2 Unexposed 132 12 4.35 2.76 0.39 0.48 
Exposed -low half 13 ee ed Fe a 4 a.27 0.58 17.80 
Exposed - top half 1 0705057 0.00 0.021 0.00 23.28 

TEN2 Unexposed 31 17 , 42:32 2.05 0.11 

Exposed 16 chee ets: 7.83 3.68 0.84 16.03 


C3: Actual and potential contamination 


NDCN Unexposed 174 15>” 5:61 2.68 0.052 0.16 
Exposed -low half 4 Oo 0.16 0.00 0.013 0.00 8.63 
Exposed - top half 1 1 0.024 41.3 169 0.79 35994 
NALP Unexposed 178 ais} yak 2.79 0.56 
Exposed 1 O 0.059 0.00 0.020 0.00 22.47 
NBEG Unexposed 175 isp s eilelys 2:65 0.062 0.10 
Exposed -low half 3 OS OF10 0.00 0.016 0.00 13.80 
Exposed - top half 1 1 0.024 41.3 171 0.80 36423 
HEAV Unexposed 177 Ms) 4a ye! 2.80 0.53 
Exposed #2 O 0.067 0.00 0.016 0.00 19.58 
CLEA Unexposed 179 415" O79 2.59 0.00009 
Exposed 0 1 0:00 0.00 (Exposed vs Unexp, Exact p=0.082) 
CON1 Unexposed 142 14 4.53 3.09 0.57 0.29 
Exposed -low half 36 2 alee 159 0.47 Ot09 U2. 13 
Exposed - top half 1 O 0.010 0.00 0.10 0.00 120 
CON2 Unexposed 96 9 3.49 2.58 0.84 0.89 
Exposed -low half 80 TA) Fags’ 3.10 1.16 0.40 3.36 
Exposed - top half = O 0.046 0.00 0.0337 0:00031.01 
IN57 Not in workforce 179 15 5.79 2.59 0.0005 
In workforce (6) 1? 0:00 0.00 (In workforce vs Not, Exact p=0.082) 


C4: Work area/job (days in 12 week 
pre-conception period) 


JB1 Unexposed 154 TS 5.19 Zou! 0.54 0.40 
Exposed -low half 24 3s 0.58 5.14 2.16 0.55 8.54 
Exposed - top half 1 O 0.027 0.00 0.048 0.00 53.83 
JB2 Unexposed 166 14 5.51 2.54 0.38 0.32 
Exposed -low half 12 2m 0-25 7.89 3.54 0.66 18.97 
Exposed - top half 1 0 0.027 0.00 0.048 0.00 53.18 
JB4 Unexposed 176 15 6.69 2.64 0.23 
Exposed 3 T «210 9.95 5.86 0.41 83.11 
JB6 Unexposed 176 Gl Oars yw BS) 0.54 
Exposed 3 O 0.065 0.00 0.031 0.00 20.27 
JB7 Unexposed 176 16 5.63 2.84 0.33 
Exposed 3 Oy 0.16 0.00 0.008 0.00 8.22 
JB8 Unexposed 168 14 5.42 4.59 O37 
Exposed 11 Zz 0.38 5.31 2.24 0.43 11.72 
JB9 Unexposed 167 16 6.51 2.91 0.41 0.18 
Exposed -low half 11 oO. 0.27 0.00 0.006 0.00 4.64 
Exposed - top half 1 0 0.010 0.00 0.015 0.00 ee 
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Table A-57 (cont.) Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 





JB12 Unexposed ie? 16 5.46 2.93 0.15 
Exposed 7 0 0.33 0.00 0.003. 0.00, 3.7/7 

JB16 Unexposed 164 15 5.34 254 0.80 
Exposed 15 a0 .A5 223 0.77 0.09 6.48 

JB17 Unexposed 174 LOmOLOS 2.64 0.28 
Exposed 5 ey dees li 9.49 4.38 0.42 46.03 

JB18 Unexposed 174 15 5.66 2.65 0.36 
Exposed 5 1 0.14 7.34 3.35 0:31 -s0.ce 

JB19 Unexposed 172 16 5.61 2.85 0.29 
Exposed 7 O 0.19 0.00 0.102 0.00 —6:96 

JB20 Unexposed U7/7/ ie} 78 2.79 0.56 
Exposed 2 O 0.059 0.00 0.029 0.00 22.40 

JB21 Unexposed 154 14 5.10 2.74 0.97 1.00 

Exposed -low half 24 Pl (a)a(exe! 2.93 1047022 OOO 
Exposed - top half 1 O 0.010 0.00 0.12 0.00 135 

JB22 Unexposed 178 NOmEOe ss 2.79 0.56 
Exposed 1 O 0.058 0.00 0.020 0.00 22.87 

JB25 Unexposed 169 15 5.54 2.71 0.84 0.85 

Exposed -low half 9 1 0.23 4.36 1.66 O18. 15.02 
Exposed - top half i 0 0.027 0.00 0.044 0.00 49.84 

JB29 Unexposed 178 16. 29:77 2.77 0.71 
: Exposed 1 0 0.023 0.00 0.052 0.00 58.36 

JB31 Unexposed 7s 16 5.74 2.79 0.56 


Exposed 6 0 0.055 0.00 0.027 0.00 24.25 


Table A-58: Observed and expected cases, and odds ratio's for cancers other than leukaemia and 
non-Hodgkin's lymphoma (OCAN) 


A: Variables not dependent on choice 











of pre-conception exposure window Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 
DOBQ 1950-1964 68 13 7.46 1.74 0.050 
1965 + 111 ay 94.59 0.65 0.30 0.08 1.00 
DOSQ 1950-1959 oe 11 6.97 1.58 0.31 
1960+ 107 5) = 5.08 0.98 O56 0:18" 1-75 
quia 1950-1969 33 8 3.80 2.10 0.068 
1970+ 146 Saee:25 0.97 0:36 (O47. 4.06 
DODX 1950-59 . ih * eet’ 2.78 - 0.07 16.4 Confidence intervals 
1960-69 - 2. 1224 1.61 - 0.19 6.01 for O/E ratios. 
1970-79 - 5 4.73 1.06 - 0.34 2.53 _ p for equal O/E 
1980+ - a SA 1.40 = 0:60" "2:62 ratios >0.5 
SEX Male 93 6 5.94 1.01 0.28 
Female 86 1072 oc bt 1.64 1.81, O61" S733 
FAGE <25 36 ez eG 0.46 0.30 
25-34 109 ih 6:61 1.66 A514. 0:50) 33471 
35+ 33 Arar s 1.26 3,09 80.32.59S0.0 
FBTH Cumbria 103 Th dhaere) 0.92 0.053 
Elsewhere 62 Srese2z 2.49 3.00 0.94 9.33 
SEAS Born elsewhere 140 psy (gl yay: 1.34 0.78 
Seascale born 39 Wee OLS 12 1S O:7.55 OL 110 45.385 
JOBC Industrial 118 11 9.49 +16 0.41 
Non-industrial 61 se ate! 1.95 (Heel MOC) “nus Ors! 
PCE Yes 155 12 73.65 1.39 0.99 
No 24 4 3.40 ails! 1:01-0:26" 3.02 
TIME 0 24 4 3.40 1.18 0.076 0.20 
0.1 to 4 years 78 10 4.71 My Fs 1.65 0.44 6.21 
> 4 years 77 2 7 o.95 0.51 0:33 0.0G 200 
DIST <= 11.5 km 98 6 "5.89 1.02 0.31 
KIN) 81 1056.16 OZ 12/6 0.60 5.19 
MIGR <—=10.28 102 10 8.49 1.18 0.89 
> 0.28 77 6s o6 1.69 0.98 0.91 1.06 


B: Variables evaluated over total 
pre-conception period 


B1: Measured radiation exposure 


XG Unexposed Sie 6034536 1.38 0.022 0.094 
Exposed - low half i2 8 73:06 2.62 ie/ 6 OL SSeeo-oo 
Exposed - top half 72 2 4.64 0.43 0.24 0.04 1.28 

HIDA Unexposed 114 12 9988 1.61 Ore 7 One 
Exposed - low half SP! ee ec) 1.26 0:69) 10:16" *2.66 
Exposed - top half 28 ie 29 0.46 O23 0:03 JeF1 

RMAX Unexposed 35 6 ¥ 4:36 1p?! 0.26 0.26 
Exposed - low half a2. G8 2579 Z-1.5 1.37 0.39 4.83 
Exposed - top half te 4 4.91 0.81 0.47 0.12 1.84 

NEUT Unexposed 133 41 3°67 1.14 0.29 0.62 
Exposed - low half ZS 4 1.39 Zot 2:560° O79" 410.4 
Exposed - top half vee ae ee 0.98 0.80 0.10 6.04 
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Table A-58 (cont.) Cases 95% Cl p for 


Controls Obs Exp O/E OR from to p trend 

NHI Unexposed 162 14 11.09 1.26 0.37 0.85 
Exposed - low half 9 2 0.69 2.89 2.82 0.49 16.3 
Exposed - top half 8 0. 20:27 0.00 0.015 0.00 10.68 

IT Unexposed 105 17 eay.6s 1.44 0.60 0.73 
Exposed - low half 37 je et) 0.64 0.38 0.05 3.06 
Exposed - top half a7 4 2.87 1.39 0.89 0.26 3.08 

IA Unexposed 113 12 @8.05 1.49 0.58 0.51 
Exposed - low half 33 1.54 0.66 0.38 0.05 3.09 
Exposed - top half 33 3 2.49 1.20 0.73 0.19 2.83 

ITRI Unexposed 174 16 11.64 1.38 0.54 0.27 
Exposed - low half 3 0 20316 0.00 0.006 0.00 28.95 
Exposed - top half 2 0 0.24 0.00 0.0026 0.00 20.89 


B2: Assessed exposure to chemicals and 
other workplace exposures 


C2 Unexposed 77 4 4.30 0.93 0.43 0.30 
Exposed - low half 4 O 30H5 0.00 0:015 0.00 2ac62 
Exposed - top half 4 1 20227 3:71 6.38 0.41. J0.2 

C3 Unexposed 99 4 5.08 0.79 0.80 0.50 
Exposed - low half 3 O 0.10 0.00 0.007 0.00 46.73 
Exposed - top half 3 O 0.18 0.00 0.0042 0.00 25.74 

C4 Unexposed 43 a IRS ed 1.04 0.73 0.43 
Exposed - low half 10 1 0.57 1.75 1.79 O14 65238) 
_ Exposed - top half 9 f 2037 2.78 2.3) O22 esoes 

C7 Unexposed 65 SEs LOS 0.97 OnZ 0.94 
Exposed - low half 12 3’ £0,905 3.14 4.18 0.70 24.9 
Exposed - top half U4. O 0.65 0.00 0.0014 0.00 5.56 

cs Unexposed 59 5 eoa2 1.60 0.25 0.29 
Exposed - low half 16 Zeal eiin 1.80 Iooc Os] SaeGrss 
Exposed - top half 16 O 0.84 0.00 0.0009 0.00 2.74 

cg Unexposed 119 S O58 1.20 0.85 0.56 
Exposed - low half 2 O 0.067 0.00 0.012 0.00 46.03 
Exposed - top half 2 O 0.064 0.00 0.012 0.00 48.25 

C10 Unexposed 53 PT AS 1.10 0.53 0.80 
Exposed - low half 7 1 0.44 2.28 2.30 O19 SB Ziee 
Exposed - top half 7 OMNOS5 0.00 0.0017 0.00 9.50 

C11 Unexposed 68 4 3.06 1.31 0.56 0.56 
Exposed - low half 7 1 0.64 1.57 1.32 0.12 14eb 
Exposed - top half 6 O 0.41 0.00 0.0021 0.00 6.86 

C12 Unexposed 87 4 4.60 0.87 0.56 0.97 
Exposed - low half 8 1 0.49 2:02 2.68 0.24 29.7 
Exposed - top half 8 0 0.30 0.00 0.006 0.00 13.89 

C13 Unexposed 58 5 2.85 1.76 . 0.32 0.55 
Exposed - low half 14 O 20.67 0.00 0.0010 0.00 3.14 
Exposed - top half 14 V e073 tes 0.75 O08 Pase2e 

C14 Unexposed 30 1 1.49 0.67 0.058 0.84 
Exposed - low half 19 3 20.86 3.51 6.73 O.6)co414.0 
Exposed - top half 18 Oo 0.95 0.00 0.0009 0.00 5.82 

C15 Unexposed 67 2 2.02 1.06 0.46 0.72 
Exposed - low half 9 1 0.42 2.36 2.47 0.21 28.7 
Exposed - top half / 9 O 0.45 0.00 0.0013 0.00 7.64 
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Table A-58 (cont.) Cases 95% Cl p for 





Controls Obs Exp O/E OR_ from to p___trend 

C16 Unexposed 34 3 4.62 1.86 0.94 0.74 
Exposed - low half 19 2 Baa? 1.39 0-73 OF *S20S 
Exposed - top half 19 170269 1.45 O27 2):0,079 7. G1 

C17 Unexposed hs: GP Mekalls, 1.14 0.68 0.38 
Exposed - low half 3 OPO s10 0.00 0.0045 0.00 32.27 
Exposed - top half 3 0 #20;23 0.00 0.0021 0.00 14.26 

C20 Unexposed 64 5 3.71 1,an 0.26 0.68 
Exposed - low half 13 2 BOM 2.82 2.4) O8800184 
Exposed - top half le 0 0.59 0.00 0.0029 0.00 4.66 

C23 Unexposed 13 ec a A Ro 3.60 0.19 0.11 
Exposed - low half oe pL SAA OY, 0.97 OMS 00Sa1t44 
Exposed - top half 7 2 32:19 0.91 0.18 O0S* Ste32 

C24 Unexposed 31 Dene 1.66 0.29 0.33 
Exposed - low half 25 4 1.76 Pde a | TDG OFZ 59-67 
Exposed - top half 25 1 4580 0.53 0.30 0.03 3.39 

C26 Unexposed 94 4 4.34 O92 0.58 0.94 
Exposed - low half 8 (pO 511 1.97 2:37) O22 r25t4 
Exposed - top half 7 Om Or30 0.00 0.005, 0.00: 13.17 

C28 Unexposed 51 4 2.60 1.54 0.34 IO) Paes 
Exposed - low half 15 1 0.90 t.t2 02707 0:07 = 37,01 
Exposed - top half 14 O 0.74 0.00 0.0009 0 00™=7 723 

C31 Unexposed 45 7 4.91 1.43 0.58 0.85 
Exposed - low half 31 pee 2 0.66 0:36) O05 e2.95 
Exposed - top half ey S}  Artske) 1.59). 0.99 0.22 4.37 

C32 Unexposed 49 ST tsya ke, 1.57 0.34 0.15 
Exposed - low half 27 7 %29 0.78 0.38 0.04 3.37 
Exposed - top half 27 1 1 a7i7 0.57 0.28 0.03 2.42 

C33 Unexposed 45 6 4.96 4.21 0.51 0.25 
Exposed - low half 38 22.09 0.96 O67, O12 93:66 
Exposed - top half 35 ee 4 0.47 0:3250.044=e27 9 

TRI1 Unexposed 87 10 6.69 1.50 0:23 02085 
Exposed - low half 8 O 0.44 0.00 0.0020 0.00 5.57 
Exposed - top half Z O 0.46 0.00 0.0023 0.00 5.33 

TRI2 Unexposed 128 10 8:54 AA 0.25 0.10 
Exposed - low half 11 Oo: 0:50 0.00 O00T1S O.00 76:32 
Exposed - top half 11 O 0.64 0.00 0.0017 0.00 4.91 

TEN2 Unexposed 128 TOMES 254. Wel lied 0.066 

Exposed 25 O 1.41 0.00 CO.001T4 OLOO™Zr2Z3 


B3: Actual and potential contamination 


NDCN Unexposed 139 thes te ea he) 1.43 0.80 0.55 
Exposed - low half 26 2. 2.07 0.97 O76 2 2 On oem. 96 
Exposed - top half 14 > ¥ O:s0 pe ia 0.70 0,08 5.72 

NALP Unexposed 170 1G Live 1.41 0.33 0.14 
Exposed - low half 6 Q 0.55 0.00 0.0035 0.00 4.76 
Exposed - top half 3 0-018 0.00 0.007 0.00 14.30 

NBEG Unexposed 143 13 9.44 1.38 0.91 0.79 
Exposed - low half 24 a. thee 1205 0.71 O18 3342 
Exposed - top half T2 P 0:71 1.42 0.95 0:11 _ 8.05 
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Table A-58 (cont.) Cases 95% Cl p for 
Controls Obs Exp O/E OR from to p trend 





HEAV Unexposed 168 15 11.51 1.30 0.42 0.89 
Exposed - low half 6 Oso 3.97 3.42 0.34 34.9 
Exposed - top half 5 O 0.29 0.00 0.014 0.00 9.83 
CLEA Unexposed 174 15mineSS 1.30 0.82 0.72 
Exposed - low half 4 1 0.44 Zn29 1.98 0.19 20.4 
Exposed - top half 1 0 0.034 0.00 0.073 0.00 83.69 
CON1 Unexposed 2s 1359 8:48 1.53 0.046 0.078 
Exposed - low half 28 ey ph) 1.78 1.12 0.28 4.47 
Exposed - top half 28 ORE So 0.00 0.0007 0.00 1.27 
CON2 Unexposed 76 1 96821 1.77 O10:1-2402 0007; 
Exposed - low half aif oy Sh Cy2 1.51 0.73 0.23 2.34 
Exposed - top half 51 O 2.52 0.00 0.0009 0.00 0.83 
FIRE Not involved 176 15 eale73 1.28 0.41 
Involved 3 1 GOr33 3.07 3:02. O26 ms brs 
IN57 Not in workforce 154 15 10.28 1.46 0.23 
In workforce 25 1 1.78 0.56 0.33 0.04 2.47 


B4: Work area/job (if more than 5% of period) 


PJ1 <5% of period 152 14 10.76 1.30 0.90 
> =5% of period 27 2 681230 1.55 1.11 O2Stors4 

PJ2 <5% of period 165 16 41261 ies} 0.24 
. >=5% of period 14 O 0.44 0.00 0.006 0.00 6.07 

PJ4 <5% of period 175 1S lao 1.27 0.26 
> =5% of period 4 1 10e3 4.29 5.39 O:3Seq6s0 

PJ6 <5% of period 13 15 11.79 V7 0.33 
> =5% of period 6 O27 eh,7/8! 3.82 0.32 44.9 

PJ7 <5% of period AZ 16 tta225 1.42 0.12 
> =5% of period v Oo 0.80 0.00 0.0026 0.00 3.23 

PJ8 <5% of period 164 14 11.10 1.26 0.54 
> =5% of period 15 2 0.95 2:11 1.71 O34) eas 

PJ9 <5% of period 161 15 11.49 a eee | 0.85 
> =5% of period 18 T-mO;56 1.78 1:23 On Sipasieg 

PJ12 <5% of period 168 14 10.90 1.29 0.70 
> =5% of period 11 2 1.18 1273 1:40 0.2/ 347.20 

PJ16 <5% of period 158 15 10.84 1.38 0.54 
> =5% of period 21 Aantal 0.82 0.54 0.07 4.17 

PJ17 <5% of period 174 14 11.83 1.18 0.024 
> =5% of period 5 Px (0) 7 S77. 13.0 1.84 99231 

PJ18 <5% of period 170 16-208270 leew 4 0.30 
> =5% of period 9 OROrS5 0.00 0.006 0.00 7.73 

PJ19 <5% of period 170 15 9161 1.29 0.62 
> =5% of period 9 1 0.45 2.24 1.85 O19: eA7.3 

PJ20 <5% of period 174 15 11.59 1.30 0.62 
> =5% of period 5 1 O47 2.14 1,84: OMNSsa13 7 

PJ21 <5% of period 150 14 10.53 1250 0.92 
> =5% of period f 29 2 1s ms 0.93 0.19 4.42 

continued.. 
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Table A-58 (cont.) Cases 95% Cl p for 
Controls Obs___ Exp O/E OR _ from to p___trend 





PJ22 <5% of period 176 Uh ee OS: Fd yee 0.26 
> =5% of period 3 1 0.23 4.28 5.51 0.34 88.5 

PJ25 <5% of period 160 15 10.89 1.38 0.57 
> =5% of period 19 j Ma We eed 0.86 0.56 0.07 4.45 

PJ29 <5% of period 150 shen hey 2 1.40 0.43 
> =5% of period 29 This 0.75 0.47 0.07 3.36 

PJ31 <5% of period 173 15 11.98 145 0.10 
> =5% of period 6 1 0.078 12.9 Theo tebe 16 


C: Variables evaluated over 12 week 
pre-conception period 


C1: Measured radiation exposure 


XG Unexposed 60 12°35-.50 13h) 0.17 0.35 
Exposed -low half 60 ho Pee 0.42 0.19 0.02 1.44 
Exposed - top half 59 we S.00 1.30 0.63; 0.49) 7 2.04 
HIDA Unexposed 168 16 11.00 1.45 9.20 0.073 
Exposed -low half 10 0 0.94 0.00 0.0036 0.00 2.71 
Exposed - top half 1 Oo 0.11 0.00 0.0026 0.00 22.58 
RMAX Unexposed 60 10 5.96 1.68 0.16 0.42 
Exposed -low half 60 Vo 2545 0.41 0.18 0.02 1.43 
Exposed - top half 59 5 3.65 1eoL O:6880%2) meeze2 2 
NEUT Unexposed 145 isaalOs20 Were 0.76 
Exposed 34 e) pafete 1.62 ip2O Oro 2 eee +219 
NHI Unexposed 167 15 11.46 5 He 9 | 0.82 
Exposed ee 1 0.59 1.68 Took One. Wieg 
IT Unexposed its 1178.03 WRC 0.95 0.74 
Exposed -low half 34 2D S ect Oheszs} (olalts} ZN vds 
Exposed - top half eh! 4) 2alaie) 1220 OFS 1 OF7 aoe 0 
IA Unexposed 114 12) 58.08 1.48 0.59 0.52 
Exposed -low half oo 1 melee 0.68 OTS 9NO Oba sala 
Exposed - top half 2 6} PALSLO) 1-20 (OAc) Lokaleye assy! 
ITRI Unexposed UAT 16 11.82 “| seis O71 0.41 
Exposed -low half 1 0 .0.11 0.00 0.008 0.00 24.26 
Exposed - top half 1 ORO w 2 0.00 0.007 0.00 22.97 


C2: Asssessed exposure to chemicals and 
other workplace exposures 


c2 Unexposed 84 3 4.43 0.68 0.26 0.16 
Exposed -low half 3 O 0.18 0.00 0.005 0.00 30.60 
Exposed - top half 2 emeOee 4.64 12.8 0.64 253 

C3 Unexposed 100 4 5.23 0.77 0.80 0.51 
Exposed -low half 3 O..0. 170 0.00 0.007 0.00 48.07 
Exposed - top half 3 (oan OP =) 0.00 0.0043 0.00 26.48 

C4 Unexposed 53 OG. 35 0.00 0.074 0.039 
Exposed -low half 13 ee On. 1.36 (Exposed vs Unexp, Exact p= 0.078) 
Exposed - top half 6 qh epee 3.01 

C7 Unexposed 85 2} Sele! 0.76 0.17 

Exposed 11 2 aL Paes A238 OSs. 30.1 

cs Unexposed 69 5. Paige 5 RBS 0.61 0.41 

Exposed -low half 19 1 1.29 0.77 0.65 0.07 6.34 


Exposed - top half 10 0 0.39 0.00 0.0042 0.00 8.12 continued.. 
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Table A-58 (cont.) Cases 95% Cl p for 








Controls Obs Exp O/E OR from to p trend 

c9 Unexposed ez 6 36:07 0.99 0.87 0.60 
Exposed -low half 2 O 0.10 0.00 0.014 0.00 37.26 
Exposed - top half 1 0 0.031 0.00 0.016 0.00 122.5 

C10 Unexposed 63 qh rary’ 0.35 0.059 0.020 
Exposed -low half 11 % °0.58 1.71 5.50 0.31 98.9 
Exposed - top half 2 %, Oc i2 8.40 143 1.81 11317 

C11 Unexposed 81 3 3.54 0.85 0.60 0.87 
Exposed -low half 8 ie 0762 1.62 2.08 0.18 23.4 
Exposed - top half 4 0 0.38 0.00 0.0024 0.00 11.58 

C12 Unexposed 98 halle 0.58 0.40 0.43 
Exposed -low half 7 1 0230 Sroi 6.52 0557 foun 
Exposed - top half 4 O 0.085 0.00 0.017 0.00 74.34 

C13 Unexposed 75 A e3i77 1.06 0.30 0.87 
Exposed -low half 8 te 20.21 4.78 4.86 0.45 52.0 
Exposed - top half yr; 0 0.43 0.00 0.0035 0.00 8.15 

C14 Unexposed 43 Teee2o lez 0.47 0.64 0.35 
Exposed -low half 22 1 0.89 ave 2.49 0:15 42.2 
Exposed - top half 9 enOLO2 1.61 3.02) O72) aeOGEO 

C15 Unexposed 80 3s 0.80 0.45 0.43 
Exposed -low half 9 O 0.33 0.00 0.0042 0.00 13.86 
Exposed - top half 5 W 20.30 2.53 3.88 0.31 46:9 

C16 Unexposed 46 a adee 0.90 0.83 0.69 
_ Exposed -low half 22 ye 162 1.89 0.24 14.9 
Exposed - top half 12 i 20583 je2a 142 OF eee 

C17 Unexposed 111 525.97, 0.84 0.54 

Exposed 4 0 30,22 0.00 0.0042 0.00 19.88 

C20 Unexposed 73 4 3.91 1.02 0.25 0.82 
Exposed -low half 10 220.01 3.28 3.99 0.59 26.9 
Exposed - top half 7 0: 20.38 0.00 0.0038 0.00 9.48 

C23 Unexposed 19 2 Oreo 2.25 0.18 0.86 
Exposed -low half 52 1 2.41 0.42 0:15-0.01 tee 
Exposed - top half 20 Se dno 1.99 0.90 0.12 6.69 

C24 Unexposed 36 ye eer 0.76 0.088 0.061 
Exposed -low half 31 io 1293 0.52 0.67 0.04 11.4 
Exposed - top half 14 4 1.25 Pa 5.93 0.58 7 018" 

C26 Unexposed 96 3 4.69 0.64 0.28 0.48 
Exposed -low half 6 1 (0.19 5.27 9.29 0.81 107 
Exposed - top half 2 0: 0.1.5 0.00 0:01 2: 0.00 (38-25 

C28 Unexposed 57 3, Ze 10s 0.59 0.42 
Exposed -low half 21 ie ales 0.78 0.74 0.07 7.81 
Exposed - top half 10 O 0.54 0.00 0.0013 0.00 6.67 

C31 Unexposed 55 ds o.00 1,26 0.19 0.75 
Exposed -low half 29 QO Chie 0.00 0.0013 0.00 2.41 
Exposed - top half 26 2 1,39 1.44 1,04. 0:19. “6.72 

C32 Unexposed 61 7 5.80 1.21 OF20 0.92 
Exposed -low half 28 Ora1.uG 0.00 0.0015 0.00 2.88 
Exposed - top half 18 a 3b. O02 1.96 1.58 0.28 8.89 

C33 Unexposed 56 6 5.41 1.11 0.62 0.36 
Exposed -low half 32 1 1.69 0.59 0.45 0.05 4.03 
Exposed - top half f 3) ly Ctehc 0.58 0.44 0.05 3.97 
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Table A-58 (cont.) Cases 95% Cl p for 





Controls Obs Exp O/E OR from to p__ trend 
TRI1 Unexposed 100 See/..25 1.24 0.41 0.18 
Exposed -low half La 0 .0.55 0.00 0.0020 0.00 5.41 
Exposed - top half 1 O 20s 2 0.00 0.0004 0.00 25.03 
TRI2 Unexposed 132 10 8.88 1.13 0.44 0.20 
Exposed -low half 13 QO 0.56 0.00 0.0023 0.00 5.83 
Exposed - top half 1 0 ,0.12 0.00 0.0004 0.00 27.61 
TEN2 Unexposed eis 10 8.85 Veais 0.16 
Exposed 16 0.0.83 0.00 0.0019 0.00 3.94 
C3: Actual and potential contamination 
NDCN Unexposed 174 TOo dal of 1.28 0.040 0.13 
Exposed -low half 4 O 0.31 0.00 0.014 0.00 9.34 
Exposed - top half 1 1 0.034 29.1 187 1.53 22866 
NALP Unexposed 178 16 11.94 1.34 0.57 
Exposed 1 OG O11 0.00 0.021 0.00 24.03 
NBEG Unexposed 175 15 39:83 27 0.046 0.076 
Exposed -low half 3 Oo 0.19 0.00 OO 172 0.0081 5-01 
Exposed - top half 1 1 0.034 29.1 189 1.55 23231 
HEAV Unexposed A Wa 16° dd e82 1.34 0.53 
Exposed Z O 0.14 0.00 0.017 0.00 20.21 
CON1 Unexposed 142 15 ao 1.57 0.0007 0.32 
Exposed -low half 36 O 2.49 0.00 0.0007 0.00 0.94 
Exposed - top half 1 1 0.017 57.9 205 3.04 13824 
CON2 Unexposed 96 1oeee7-o5 id es 0.014 0.20 
Exposed -low half 80 2 4.41 0.45 0.21 0.05 0.96 
Exposed - top half 3 7 0.063 16.0 14,010;,90 134 
C4: Work area/job (weighted days in 12 week 
pre-conception period 
JB1 Unexposed 154 15.10.91 iss 0.82 0.54 
Exposed -low half 24 Ue ewe 0.90 0.57 0.07 4.45 
Exposed - top half 1 O 0.032 0.00 0.072 0.00 84.1 
JB2 Unexposed 166 VOmNeou 1.38 0.51 0.24 
Exposed -low half 14 O 0.41 0.00 0.0042 0.00 6.55 
Exposed - top half 1 O 0.032 0.00 0.0036 0.00 83.96 
JB4 Unexposed 176 L6a sz Wee 0.41 
Exposed = O 0.24 0.00 0.016°.0,00 714.535 
JB6E Unexposed 176 154 t. 82 1.26 0.0004 0.003 
Exposed -low half 3 O 0.13 0.00 0.013°> 0.00 22.70 
Exposed - top half @) 1 0.00 0.00 (Top vs Low & Unexp, Exact p= 0.082) 
JB7 Unexposed 176 16 1.1.70 eee omc es 
Exposed 3 O* 0,35 0.00 0.007 0.00 7.74 
JB8 Unexposed 168 heme 2o ie 0.90 
Exposed 11 1 0.81 1.24 0.88 0.10 7.53 
JB9 Unexposed 167 16° 11.83 1,38 0.52 0.25 
Exposed -low half 13 O 0.41 0.00 0.009 0.00 6.53 
Exposed - top half 1 00.017 0.00 0.018 0.00 155.3 
JB12 Unexposed 172 1 Lise 1.41 0.14 
Exposed 7 0 40,73 0.00 0.0031 0.00 3.58 


continued.. 
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Table A-58 (cont.) Cases 95% Cl p for 








Controls Obs Exp O/E OR _ from to p__—itrend 
JB16 Unexposed 164 ee al ilerrs, 1.34 0.0001 0.42 
Exposed -low half 15 O 0.86 0.00 0.0020 0.00 3.21 
Exposed - top half 0 1 0.00 0.00 (Top vs Low & Unexp, Exact p= 0.082) 
JB17 Unexposed 174 1S aes Vag 0.30 
Exposed 3] Ore 4.39 4.10 0.39 43.2 
JB18 Unexposed 174 16 11.85 1235 0.44 
Exposed Le 0 20-20 0.00 0.019 0.00 13.52 
JB19 Unexposed de i? We) i}i|alets! 1.29 0.50 
Exposed 7 ia Ors 2.64 2:36 0 2502 as6 
JB20 Unexposed WAT, Us) Asie 1.26 0.076 
Exposed 2 iW lO 8.40 34.4 0.68 1755 
JB21 Unexposed 154 14 10.77 1.30 0.028 0.36 
Exposed -low half 24 he Ate 0.79 0.55 0:07 4719 
Exposed - top half 1 We OLOn7 Th) 258 3.82 17408 
JB22 Unexposed 178 NG ipros 1.34 0.56 
Exposed 1 8 Bion 8 ip 0.00 0.020 0.00 22.93 
JB25 Unexposed 169 Wsy ay tex: 1.30 0.86 0.77 
Exposed -low half 9 1 0.46 2.16 171 O18 3 iSeo 
Exposed - top half 1 0 0.032 0.00 0.078 0.00 89.14 
JB29 Unexposed 178 (hep eae: EAS) 0.018 
Exposed 1 1 0.029 34.3 114 2.73 4804 
JB31 Unexposed 173 15° 71-98 ie25 0.10 


Exposed 6 120:078 12.9 11.9 1.33 126 


Table A-59: Summary analyses of post-conception exposure factors for lymphatic leukaemia 
and NHL cases (LLNH) 











Contamination variables Increase in OR for unit 
increase in variable 
Crude 95% Cl 
Variable Controls Cases OR Estimate from to P-value 
NDCN 0 158 8 0.055 
1-5 16 3 Si 1.28 1.05 1.57 
>5 1 1 19.8 
NALP 0 172 11 0.019 
>0 3 1 52 2.04 1.26 3.31 
NBEG 0 160 8 0.187 
>0 15 4 5.3 1.28 0.95 1.71 
HEAV 0 171 11 0.339 
>0 4 1 3.9 1.70 0.71 4.09 
CLEA 0 173 11 0.175 
>0 2 1 7.9 6.05 0.75 48.72 
CON1 0 130 9 0.086 
>0 45 3 1.0 ea 1.00 1.25 
CON2 0 85 5 0.209 
90 7 153 1.07 0.96 1.20 
Work are/job factors 
Crude Adjusted 95% Cl 
Variable Controls Cases OR OR from to P-value 
PJ4 <5% of period 149 11 0.974 
>=5% of period 26 1 0.5 0.97 O02 27-53 
PJ2 <5% of period 161 10 0.367 
>=5% of period 14 2 Ae) 2.16 0.47 10.01 
PJ4 <5% of period 170 10 0.053 
>=5% of period 5 2 6.8 6.45 aeoY  o0o2 
PJ8 <5% of period 163 10 0.471 
>=5% of period 12 2 Pa7 f 1.84 0.39 8.67 
PJ12 <5% of period 165 a 0.833 
>=5% of period 10 1 AeD 1.26 0.16 9.93 
PJ16 <5% of period 160 ify 0.817 
>=5% of period 15 1 1.0 0.79 0.10 6.17 
PJ17 <5% of period 169 11 0.253 
>=5% of period 6 1 2.6 4.29 0.54 34.3 
PJ18 <5% of period 170 11 0.638 
>=5% of period 5 1 33 14 0.21 13.9 
PJ19 <5% of period 167 11 0.392 
>=5% of period 8 1 1.9 2.81 0.36 22.3 
PJ20 <5% of period 172 11 0.402 
>=5% of period 3 1 5.2 2.83 0.33 24.5 
PJ21 <5% of period 146 9 0.303 
>=5% of period 29 3 137 2.10 0.56 7.86 
PJ25 <5% of period 164 11 0.77 
>=5% of period 11 1 1.4 1.38 0.18 10.85 
PJ32 <5% of period 164 11 0.677 


>=5% of period 11 1 1.4 1.61 0.20 13.12 


Table A-60: Summary of post-conception exposure factors for all leukaemia & NHL cases (LNHL) 


Contamination variables Increase in OR for unit 


increase in variable 











Crude 95% Cl 
Variable Controls Cases OR Estimate from to P-value 
NDCN 0 158 11 0.115 
1-5 16 4 3.6 1.21 0.99 1.48 
>5 1 1 14.4 
NALP 0 172 if 0.052 
>0 3 1 3.8 1.78 1.10 ~ 2:80 
NBEG 0 160 11 0.288 
>0 15 5 4.8 1.20 0.90 1.60 
HEAV 0 171 15 0.463 
>0 4 1 2.9 1.50 0.60 3.76 
CLEA 0 173 15 0.26 
>0 2 1 5.8 4.17 UISZ ests 
CON1 0 130 ue 0.289 
>0 45 3 0.7 1.06 0.96 1.18 
CON2 0 85 7 0.131 
>0 90 9 fie2 1.07 0.98 1.17 
Work are/job factors 
Crude Adjusted 95% Cl 
Variable Controls Cases OR OR from to P-value 
PJ1 <5% of period 149 13 0.205 
>=5% of period 26 3 no 2.46 0.69 8.74 
PJ2 <5% of period 161 14 0.586 
>=5% of period 14 2 1.6 1.55 0.35 6.97 
PJ4 <5% of period 170 14 0.109 
>=5% of period 5 2 4.9 4.36 0.95 20.03 
PJ8 <5% of period 163 14 0.818 
>=5% of period 2 2 1.9 1.20 0.26 5.47 
PJ12 <5% of period 165 15 0.887 
>=5% of period 10 1 1.1 0.86 0.11 6.68 
PJ16 <5% of period 160 15 0.566 
>=5% of period 15 1 0.7 0.58 0.08 4.41 
PJ17 <5% of period 169 15 0.374 
>=5% of period 6 1 1.9 2.93 0.37 23.04 
PJ18 <5% of period 170 15 0.914 
>=5% of period 5 1 23 1.12 0.14 8.89 
PJ19 <5% of period 167 ue 0.549 
>=5% of period 8 1 1.4 1.99 0.26 15.51 
PJ20 <5% of period 172 15 0.595 
>=5% of period 3 1 3.8 1.87 0.22 15.99 
PJ21 <5% of period 146 13 0.58 
>=5% of period 29 3 eZ 1.45 0.41 5.19 
PJ25 <5% of period 164 15 0.99 
>=5% of period 11 1 1.0 0.99 0.13 7.66 
PJ27 <5% of period 171 3 0.728 
>=5% of period 4 1 2.9 1.47 0.19 11.43 
; 
PJ32 <5% of period 164 15 0.96 


>=5% of period 11 1 1.0 1.06 0.13 8.42 


Table A-61: Summary analyses of post-conception exposure factors for cases other than 

















leukaemia or NHL (OCAN) 
Contamination variables Increase In OR for unit 
increase in variable 
Crude 95% Cl 
Variable Controls Cases OR Estimate from to P-value 
NDCN 0 126 11 0.025 
1-5 28 2 0.8 1.24 1.05 1.46 
>5 2 3 Aife2 
NBEG 0 131 11 0.003 
>0 25 5 2.4 1.41 ie aire! 
HEAV 0 149 13 0.046 
>0 7A 3 4.9 2A 1:22 3187 
CLEA 0 153 15 0.327 
>0 3 1 3.4 3.42 0.41 28.81 
CON1 0 106 11 0.708 
>0 50 5 1.0 1.02 0.92 1.12 
CON2 0 65 8 0.415 
>0 91 8 0.7 1.03 0.96 1.10 
Work are/job factors 
Crude Adjusted 95% Cl 
Variable Controls Cases OR OR from to P-value 
PJ1 <5% of period 130 15 0.703 
>=5% of period 26 1 0.3 0.69 0.09 5.30 
PJ6 <5% of period 151 14 0.081 
>=5% of period 5 2 4.3 5.28 1.08 25.76 
PJ7 <5% of period 151 15 0.63 
>=5% of period 5 1 2.0 1.74 0.21 14.03 
PJ8 <5% of period 141 14 0.9 
>=5% of period 15 2 1.3 0.91 0.20 4.21 
PJ9 <5% of period 137 14 0.403 
>=5% of period 19 Z 1.0 2.04 0.43 9.61 
PJ12 <5% of period 144 15 0.667 
>=5% of period 12 4 0.8 0.65 OlOSte srt 
PJ13 <5% of period 147 15 0.772 
>=5% of period 9 1 1a. 1.38 0.17 10.84 
PJ16 <5% of period 137 12 0.105 
>=5% of period 19 4 2.4 2.89 0.89 9.36 
PJ17 <5% of period 150 15 0.488 
>=5% of period 6 1 17 2.27 0.28 18.35 
PJ19 <5% of period 150 14 0.149 
>=5% of period 6 2 3.6 3.74 0.79 17.79 
PJ20 <5% of period 153 15 0.873 
>=5% of period 3 | 3.4 1.20 0.14 10.51 
PJ21 <5% of period 126 14 0.951 
>=5% of period 30 2 0.6 0.95 0.21 4.34 
PJ25 <5% of period 147 15 0.971 
>=5% of period 9 1 aay 0.96 O42 7.o3 
PJ31 <5% of period 152 15 


>=5% of period 4 1 2.5 7.00 0.61 80.39 0.18 


Figure A-1: Cumulative observed/expected case ratios by distance from 
plant to birth residence 


O/E ratios and 95% confidence limits 
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Figure A-2: Observed and expected values for the signed, ranked p-values 
from fits of 31 Area/job factors to the three case types 
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Qa 
4 
o 
2 
logit p 
_e Observed —— Expected 
(b) case type LNHL 
8 
6 
4 
ar2 
— 
o 
70 
-2 
| 
§& (ert 
-4 -3 -2 -1 0 1 2 3 4 
logit p 
_s Observed _— Expected 


(c) case type OCAN 


logit p 





-4 -3 -2 -1 0 1 
logit p 


_e Observed —__ Expected 


‘o[SueLy] & se ZY], 2]qeLeA ‘osenbs e se UMOYS SI [PY], 2]QeeA :wN WL 0} oInsodxe JeNuajod syuosoidar ydesB yors uo julod ysoysry oy], :oI0N 


payoedxa —— paniesqo —#— 
d 1160, 
0 


peyedxg —— periasqo —#— 


d }!60| 
0 Le r& 


c L 


b- c c c 


L 





























& & 
= => 
52 | wv 
pesodxe JaAan/JeAz (p) (sdnoiB ¢) puady seaut| (0) 
payedxy —— paniesqg —#— peyedxy ——_ pariesqo —#— 
d 160; d 60) 
c v € Zz L 0 S v € A L 0 L- ri €- v- S 
b 
0 
~L 
Z 
ce & 158 
no] Bo) 
v 
+ OL 
c 
pt ee ee eee 





(ey doyyey moyiju) suojoR jaAe|-¢ (q) pesodxe shep payyBiana (2) 


Sased HN] 40j $10}9ej sunsodxa 
passasse 0¢ Jo S}Ij WOd) Sanjea-d payues ‘paubis oy} 10} sanjea pa}oedxa puke pavsasqo ‘¢-y anbi4 


d jeoidwa = d jeoje100y], —— sajeaijdas oes ajuopy ® 






















































































(jeouidwia) d p60; (jeouldwis) d 1160} 
OL S 0 S- Ol- OL S 0 c- OL- 
= = Ol- T SS CS 
8 3] ic) b=] 
8 
a 
= cS sal S- 
o Ree 
© 
eel en 
et 0 = 5 0 
° 
g 
7 =e 
Ss 
Sl ae eee aa ae) 
@ 8 Bec ee 
Ol = — ol 
pesodxe JaAou/eAq (p) pua} Jeaut dnoiB-¢ (9) 
(jeoiuiduie) d 7160} (jeoulduus) d 160} 
8 Z 9 S v € G L 0 Ob S 0 S- OL- 
T T in 
a 
me] 
=e 2 
fe} 
® 
e [0 
= S o 
= 9 
4s 
She de 
8 J OL 
Gey doyysjey Moj/jlu) sdnou6 ¢ (q) (Agu) asop (e) 


‘aiNSOdXa UOl}elpes JeUIV}X9 JO SouNSeaw 
JO} sobueyd sduelAap JO UOI}NI}SIP 9} JO JUOWUSSaSse OJeD 9JUOW ‘p-Y ouNBi4 


(jeo1}a10043) d 4160, 


(jeo1}a1004}) d 150) 


logit p (theoretical) 


Figure A-5: Monte Carlo assessment of the distribution of deviance 
changes for the Seascale residence factor. 
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Figure A-6: Monte Carlo assessment of the distribution of deviance 
changes for the Calder exposure factor. 
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